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FOREWORD

Man and his environment must be protected from the adverse
effects of pesticides, radiation, noise and other forms of pol-
lution, and the unwise management of solid waste. Efforts to pro:
tect the environment require a focus that recognizes the inter-
play between the components of our physical environment -- air,
water, and land. The National Environmental Research Centers
provide this multidisciplinary focus through programs engaged in

® studles on the effects of environmental
contaminants on man and the biosphere, and

® a search for ways to prevent contamination
and to recycle valuable resources.

This report covers attempts to develop an economical way
of rerefining waste oils that might otherwise be wasted to
usable fuel products, attempts to minimize pollution, and in-
cidentally permits recovery of lead values.

A. W. Breidenbach, Ph.D.
Director

National Environmental
Research Center, Cincinnati
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ABSTRACT

The objective of the work reported is the development
of technology to recycle waste oils to useful products,
without producing undesirable wastes. Both crankcase and
other waste oils were studied in the laboratory and in a
1000 barrel per day vacuum distillation process operated
by National 0il Recovery Corporation in Bayonne, New Jersey.

Plant operations demonstrated that vacuum distillation
is a suitable process for producing fuels from a wide
variety of waste oils. Laboratory and engineering studies
showed that the distillate side product produced from
crankcase waste o0il could be catalytically hydrotreated
to produce a lube with good odor, color, and stability
characteristics. Overall, the vacuum distillation/hydrogen
treatment process for re-refining waste o0ils holds great
promise. The distillation bottoms, containing high con-
centrations of lead and other metals, can be used as a fuel
in secondary lead smelting.

Pretreatment and chemical reduction agents show promise
in re—reflnlng, but additional laboratory and evaluation
work is required.

This. report was submitted in fulfillment of Contract
Number 68-01-0177, by the National 0il Recovery Corporation,
Bayonne, New Jersey, under the sponsorship of the Environ-
mental Protection Agency.
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SECTION I

CONCLUSIONS

Extensive plant operatlons by NORCO have shown that
vacuum distillation is a suitable process for producing
low water content fuel from a wvide variety of waste
oils.

NORCO's plant vacuum distillation experience and devel-
opment work on catalytic hydrogen treating have provided
the basis for a profitable process to produce lube
stocks from crankcase waste oils.

Lead-containing vacuum distillation bottoms from crank-
case waste oil processxng can be considered as a fuel
and a source of lead in the secondary lead smelting
industry, but additional full scale tests are required.

Lead in vacuum distillation bottoms from crankcase
waste oil processing can be concentrated by additional
processing to 30% lead, a material potentially useful
for lead recovery.

Commercially available anti-fouling agents are useful
for reducing vacuum distillation fouling problems.

Pretreatment of crankcase waste oil with two parts of
butanol to one part of crankcase waste oil to increase
yields and decrease fouling is a potentially attractive
method for improving the vacuum distillation/hydrogen
treating process, but development work is required.

Pretreatment of crankcase waste oil with low concentra-
tions of amines, or possibly ammonia, may decrease
vacuum distillation fouling, but development work is
required,

Low concentrations of chemical hydrogenation agents,
e.g., sodium borohydride, can reduce fouling problems,
and could possibly replace catalytic hydrogen treating,
but development work is required.



lol

The use of raw distillate from vacuum distillation of
crankcase waste 0il as a diesel fuel without further

refining is questionable at best.

An economical wastewater system for a vacuum distilla-
tion process requires that indirect condensers and
mechanical vacuum pumps be used to minimize the
guantity of contaminated water.



SECTION II

RECOMMENDATIONS

A large scale demonstration of a vacuum distillation/
hydrotreating process to re-refine crankcase waste

0il to high quality lube o0il without producing waste
products.

Comprehensive full-scale tests for using lead-con-

taining vacuum distillation bottoms in secondary lead
smelting.

Continued research and development on chemical reduc-
tion methods for re-refining crankcase waste oils.

Study and demonstration of chemical emulsion breaking
systems to concentrate oil from high water content
oil/water wastes, e.g., ballast and bilge wastes from
oil tankers, oil tank cleaning wastes, oil spill
recovery wastes, etc.

Federal support should be considered for these
recommended programs.



SECTION III

INTRODUCTION

Recent estimates show that only 80 m}lléin gaélggidper
year of re-refined lubricating oil is available agf wasté
as compared to over one billion gallons per {eai oL Wast
lubricating oils generated in the Uu. S. Mgs' o) he re-
mainder is used as a fuel, used for road oiling an 'tust‘
control, or disposed of to the environment. This situation
is both wasteful, because of the high cost of producing
virgin lubes from special crude oils; and env1;onmenpa11y
damaging, because of fine metalllc.partlcles (xnc}udlng
lead from crankcase waste oils) emltted.when bu?nlng many
waste oils. Indiscriminate waste oil disposal is harmful

to surface water and can also interfere with the operation
of wastewater treatment plants.

One of the major reasons for this unfortunate lack of
recycling is the absence of adequate technology which can
produce high grade lubricating oils, while minimjzing or
eliminating wastes. Acid/clay treating, the most commonly
used re-refining process, produces acid sludge and spent
clay wastes. The acid sludge, a concentrated sulfuric
acid/polymerized hydrocarbon/metal contaminated mixture is
a highly undesirable waste, generally disposed of on land.
Such disposal can lead to water pollution problems. The
spent clay, which is much less hazardous, is also disposed
of on land. The technology used for handling other waste
©oils, not suitable for lubricating purposes, is also gen~
erally inadeguate.

The work discussed in this report was aimed at improv-
ing the technology of waste oil recycling so as to produce
useful products while eliminating or minimizing wastes. It
is an extension of an earlier program which showed that
vacuum distillation is a promising method for processing
waste oils. Both laboratory and commercial scale tests
(1000 barrels per day and higher) have been conducted to
meet the stated objective.



SECTION IV

PLANT OPERATIONS

The National 0il Recovery Corporation (NORCO) facili-
ties in Bayonne, New Jersey accept a wide variety of waste
oils for reclamation and recycle. These range from automo-
tive crankcase waste oils to tank bottoms recovered during
tank cleaning operations, o0il recovered from wastewater
treating systems, and oil recovered after spills. Most of
the lubricating type oils, such as crankcase waste oil, is
processed by vacuum distillation to produce cuts suitable
for further processing into lube o0ils or suitable for fuel
use. Most of the other waste o0ils received are contaminated
principally by water. These are dried by vacuum distilla-
tion and blended into fuels.

GENERAL PLANT DESCRIPTION

The NORCO plant equipment and operations were described
in an earlier report.! Although some modifications have
been made, the basic equipment and flows are similar to the
descriptions in that report. An up-to-date flow sheet and a
drawing of the vacuum distillation column are presented as
Figures 1 and 2.

In addition to the basic equipment shown, NORCO main-
tains about two million gallons of feed and product storage.
-Detail on this storage is provided in Table 1. Waste oils

s a%e received primarily from private collectors, in trucks

f%%%ﬁging in size from about 1400 gallons to 7000 gallons.
%bme;waste 0ils are purchased in larger quantities and re-
ceived in trucks arranged by contract.

The waste o0ils are usually pumped directly into a large
holding tank. Samples are taken for BS&W (bottom sediment
and water) determination as necessary, depending on the oil
source and the supplier.

A log of feed and products produced is given in Table 2.
Operating data are provided later in this section for crank-
case waste 0il runs made in May 1973 and January 1974, and
for thirty other waste oil runs made from November 1972
through May 1973.
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Table 1.

PRINCIPAL NORCO TANKAGE
(as of April 1, 1974)

TANK NOS.

1
2
3

100-109 (8en tanks)

110-117
129-230
205-209

(8 tanks)
(2 tanks)
(5 tanks)

NOMINAL
CAPACITY
DIAMESER HEIGHT OF EACH NORMAL
FT. FT BALLONS SERVICE
40 30 280,000 Feed
40 30 280,000 Feed
40 30 280,000 Feed or
Bottoms
15 42 554000 Product
10 24 14,000 Product
20 20 47,000 Feed
15 42 55,000 Feed or
Product
16 16 24,000 Feed or
Product
Total 1,895,000 gallona*

* Excludes miscellaneous small tanks and blending tanks,



Table 2. LOG OF

2/15-3/15/74

1/15-2/15/74

12/15/73-1/15/74
11/15-12/15/73

10/15-11/15/73

9/15-10/15/73

8/15-~9/15/73

7/15-8/15/73

6/15-7/15/173

5/15-6/15/73

4/15-5/15/73

3/15-4/15/73

FEED AND PRODUCTS

150,750 gal. waste fuel oil processed and
103,870 gal. saleable reclaimed fuel oil
produced

55,840 gal. waste fuel oil processed and
38,640 gal. saleable reclaimed fuel oil
produced

169,130 gal. crankcase waste oil processed
and 161,680 gal. of saleable products pro-
duced 1nclud1ng 45,000 gal. of 16. 4°APT
bottoms for NL Industrles test

No runs

236,200 gal. waste fuel oil processed and
161,200 gal. saleable reclaimed fuel oil
produced

295,200 gal. waste fuel oil processed and
212,200 gal. saleable reclaimed fuel oil
produced

161,040 gal. waste fuel oil processed and
99,960 gal. of saleable reclaimed fuel oil
produced

329,386 gal. waste fuél o0il processed and
216,552 gal. saleable reclaimed fuel oil
produced

379,048 gal. blended waste fuel oil (in-
cluding 40°API recycled naphtha) process-
ed and 280,839 gal. saleable reclaimed
fuel oil produced

485,400 gal. waste fuel o0il processed and
386,389 gal. saleable reclaimed fuel oil
produced

58,750 gal. waste fuel oil processed and
44 ,850 gal. saleable reclaimed fuel oil
produced

60,848 gal. crankcase 0il processed to
produce 15,029 gal. bottoms, 37,300 gal.
dark lube oil, and 5,476 gal. fuel oil
288,396 gal. waste fuel processed and
226,964 gal. saleable reclaimed fuel oil
produced

267,658 gal. waste fuel oil processed and
200,726 gal. saleable recalimed fuel oil
produced



Table 2. (Continued) LOG OF FEED AND PRODUCTS

2/15-3/15/73

1/15-2/15/73

4/1/72-1/15/73

11/7-12/7/72

10/7-11/7/72

9/7-10/7/72

8/7-9/7/72

7/7-8/1/72
5/7-7/7/72

5/71-6/7/72

4/7-5/7/172

3/71-4/1/172

i d and
231,877 gal. waste fuel 011.processe
190:914 gal. saleable reclaimed fuel oil

produced

i d and
346,085 gal. waste fuel oil processed &
280:498 gal. saleable reclaimed fuel oil

produced

i ived. BRro-
2,330,000 gal. waste oil receilve .
déced'l,572,000 gal. recycled fuel oil
and 393,000 gal. of recycled crankcase

0il products

349,441 gal. waste fuel oil processed and
316,532 gal. saleable reclaimed fuel oil

produced

106,500 gal. waste fuel oil and 147,500
gal. waste lube o0ils processed

122,148 gal. waste fuel o0il and 83,000
gal. crankcase waste oil processed

150,000 gal. waste fuel o0il processed.
About 50,000 gal. free water evaporated
from the 250,000 gal. sludge, water, etc.
received from Pottstown (Berks)

100,000 gal. fuel oil produced

100,000 gal. fuel oil produced from low
sulfur o0il (from Butterworthing) and some
shore storage tank bottoms. 90,000 gal.
fuel oil produced from oil from above
sources plus about 30% barge tank bottoms
containing about 40% water (pour point of
130°F reduced by the blending operation).

Both fuel o0il and crankcase o0il runs were
made

Both fuel o0il and crankcase o0il runs were
made '

Several test runs were conducted

10



CRANKCASE WASTE OILS

When sufficient crankcase waste oil, at least 40,000 to
80,000 gallons, has been received and, stored separately from
other waste oils,; a run is conducted. Five products are re-
covered during such a run: :

Flash Towsr Naphtha (#1) '
Vacuum Distillation Naphtha (§#2)

'Light Distillate (%3)

Heavy Distillate (#4)

Vacuum Distillation Bottoms

Referring to Figure 1, the crankcase waste oil is
pumped from a heated storage tank to a vertical coil heater,
where it is heated to about 200-210°F. The heater coil is
composed of 13-5ft. turns of 3 in. schedule 40 pipe. The
0il leaving the furnace enters a 3 ft. diameter, 20 ft. high
flash column which is designed primarily to dehydrate the
raw 0il. The flash column is fitted with a cyclone at the
outlet to minimize particle entrainment, and a % in. screen
at the bottom to prevent coarse-solids from entering the
bottoms pump.

The flash column vacuum (19-22 in. Hg) is generated by
a single stage steam jet pump after a barometric condenser.
The condensed water and the flash tower naphtha (NORCO #1)
distilled overhead go to an oil/water separation tank from
which the bulk of the naphtha is recovered. The contamin-
ated water is discharged to the wastewater system which will
be described later in this Section.

The bottoms, at about 160 to 200°F, is pumped to the
vacuum fractionator furnace where the o0il is heated and
vaporized, reaching a temperature of 600-700°F., The furnace,
fired by a single burner using plant fuel (usually naphtha),
is rated at about 8 million BTU/hr. fired, with a duty of
about 4-5> million BTU/hr. The furnace contains 84-12 ft.,

4 in., O0.D. tubes with a 1/8 in., wall thickness.

The oil leaving the furnace enters the vacuum fraction-
ator, where vacuum distillation naphtha (#2), light distil-
late (#3), heavy distillate (#4), and vacuum distiilation
bottoms cuts are recovered. Both light distillate and heavy
distillate reflux streams are returned to the vacuum frac-
tionator at 150-200°F; the light distillate to the top of
the column, and the heavy distillate to the upper distilla-
tion tray.

11



The fractionator (Figure 1) is maintained at about
27 in. Hg vacuum by a two stage steam jet with barometric
condensers. The oil/water mixtures from the condensers are
drained to a common sump and then to oil/water separators
for recovery of vacuum distillation naphtha and water

purification.

The light and heavy distillates withdrawn from the
vacuum distillation column each pass through stripping col-
umns. The liquid is removed from the bottom of each column
and split into reflux and product streams. The reflux and
distillate product streams, as well as the bottoms product,
are separately cooled in pipe coils submerged in a tank
through which cooling water from the Kill Van Kull is cir-
culated once-thru. The light distillate product cooler con
tains 12-19 ft. 3 in. sections of 2 inch welded schedule 40
pipe with return bends; each of the other four coolers con-
tains 6 sections. Each of the products, whose temperatures
may vary from about 130°F for the light distillate to about
280°F for the bottoms, is then pumped to an appropriate
storage tank. The reflux streams are returned to the frac-
tionator as previously noted. '

 §

May 1973 Run

A crankcase cil run was made primarily to produce an
experimental quantity of 11.0 - 12.0° API bottoms for test-
ing by NL Industries to determine the practicality of using
the bcttoms for fuel and as a lead source.

This crankcase oil run was interrupted three times by
mechanical difficulties: to renew the horizontal run of the
4 in. flash tower barometric condenser cooling water drain
pipe; to renew the drive belt on the fractionator heater
burner; and finally to renew the drive shaft of the burner.
Difficulty with the flow of light cut reflux was experienced
during the last part of the run because of tarry accumula-
tion and displacement of concrete filler on the top liquid-
washed side-to-side pan at the top of the fractionator.

None of the above problems was necessarily the result of
running crankcase oil, since all of this equipment is used
also for other waste oils. However, tar accumulation is
expected from crankcase oil distillation.

12



An anti-foulant from Nalco Chemical Co. (D-59C0O8)was
injected into the crankcase o0il charge (ahead of flash tower
furnace) and into the light and heavy dark lube oil cuts at
the rate of 50 ppm by weight at each point. The results
were very similar to those obtained when an anti-foulant
from Exxon was injected in 1969.! Fouling in heater tubes
appeared to be reduced. Also fouling in the light and heavy
lube 0il cooling coils was somewhat reduced. The color of
these two products was slightly darkened, to about L7.5 to
8.0 (ASTM) from a normal L7.0. The tarry material settling
in the bottoms of bottles of samples of the lube distillates
remains fluid and does not solidify and tenaciously adhere
to the bottom of bottles, as occurs without anti-foulant in-
jection. The odor seemed to be somewhat reduced. The Nalco
anti-foulant is considerably less viscous than that from
Exxon. The lubricators satisfactorily injecting the Exxon
anti-foulant are not dependable injecting the less viscous
Nalco anti-foulant.

The yields and operating conditions for this run are
reported in Tables 3 and 4. The bottoms produced had a
gravity of 11.9CAPI and were found by NL Industries to be
satisfactory for a full scale trial as a fuel in a reverbera-
tory furnace.

13



Table 3. MAY 1973 CRANKCASE WASTE OIL RUN FLOW RATES

Start: May 17, 1973  Complete: Ma 25, 1973
(interrupted by mechanical problems

Onstream Time: 39.2 hours

Gravity Total Flow Yield
OAPI Gallons GPH Vol., %
FEED 23.4 60,864 1554* -
Flash Tower
Naphtha (#1) 46.1 913 23.3 1.5
Vac. Dist.
Naphtha (#2) 33.2 5,478 139.9 9.0
Light Distillate(#3) 31.1
Heavy Distillate (#4) 30.3 37,310 952.6 61.3
Bottoms 11.9 15,027 383.7 24,7
Water + Loss*?t - 2,136 54,5 3.5
60,864 TI,554.0 100.0
UTILITIES
Cooling Water 200_GPM
Steam for Stripping 0
Steam to vacuum pumps 700 lbs/hr
Steam to fractionator 0
Steam to bottoms pump 50 1lbs/hr
Steam to tank heaters 155 1lbs/hr
Total steam produced 905

* 888 barrels/da
+ unaccounted/fo¥

14



Table 4.

Flash heater

Flash heater

AVERAGE CONDITIONS

inlet

outlet

Flash tower vapor outlet

Flash tower bottom

Fractionator
Fractionator
Fractionator
Fractionator

Fractionator

Flash tower
Fractionator
¥lash heater
Fractionator

Steam boiler

heater inlet
heater outlet
flash zone
bottom

top

bottom
inlet

heater inlet

Temperatures

MAY 1973 CRANKCASE WASTE OIL RUN

. OF

72
200
161l
160
158
670
630
610
250

Pressures
20-21 in.
27.2 in.
12 psig.
54 psig.

105 psig.

15

Hg. wvacuum

Hg. vacuum



January 1974 Run

A brief but successful crankcase waste oil run was con=-
ducted in January 1974 during which special at?ention was
given to obtaining process data useful for design purposes.
The run started on January 22 and was shut down four days
later on January 26 because of a shortage of feed. Before
the run started, the following vessels were opened, cleaned,
inspected and closed: fractionator; flash tower; light and
heavy product reflux accumulators; and light and heavy pro-

duct stripper. .

Feed and product inspections.are Sumﬁugized in Table
5 and 6. They show high chlormne_values’}a»all fractions,
and surprisingly high lead contents in the 1ligix  fractions.
This lead may be due to volatile.lead compounds, ‘wr to fine
particulate entrainment. A previous analysis of a“ilend of
the two NORCO vacuum sidestream distillates (#3 and +4) show-

ed a lead content of 2 ppm. ~

Average run conditions are shown in Tables 6-10. ¥ialds
are estimated in Table ll. As can be seen, this particular
run provided a high yield of vacuum distillation bottoms at
the expense of lube stock yield, providing a light, rela-
tively low viscosity, low lead bottoms easier to handle for

the NI, Industries combustion tests.

Two anti-fouling additives were used during this run.
Nalco Additive No. D-59C08 was injected into the cold crank-
case 0il charge prior to the flash heater, and sodium boro-
hydride was injected into the light and heavy distillate
product reflux accumulators. Additive rates were as follows:

NMalco D-59C08 50 ppm by weight
Sodium Borochydride 275 ppm by weight (total NaBH4)
as a 12 weight % solution in
40% NaOH solution
In order to detect the effect of the sodium borohydride, the

vacuum distillation tower was opened and inspected after the
run. The following obhservations were made (see Figure 2):

16



Tower Bottom

In normal runs the deposit is hard. During this run
the deposit was softer and looked like asphalt.

Cyclone Deck

There was very little deposit in this section. The

sodium borohydride appears to have inhibited deposit
formation.

Top of 6 ft.Section

There were fewer deposits than previously noted.

Top of Light Cut Section

A haxd rubber like deposit came out of this section
from the top tray. This deposit is considered unusual.

Light End Stripper

The bottoms from the accumulator showed a dark, heavy
residue. In previous runs the residue had been hard,
but in this run it was soft and greasy.

None of the deposits appeared to be serious, but the run was
too short to draw definite conclusions.

However, simple sodium borohydride injection in this
run did not provide the color improvement found during
research studies reported in Section V.

17
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Table 5.
SAMPLE DESCRIPTION

API Gravity ¢ §0°P
Carbon, We. A

- ogen, Wt. O
Sr‘gur. We. 8
Kitrogen, We. %
Chlorine, Wti %
Bromine, We.

Ash, Wt. &

Water, Wt. A

Lead, ppe

Pcntane Insol., Wt. §
Viscosity € 100°P, sec.
ASTM  Color

Plash, °r

Corrosion, 3 hxs @ 212%
Con., Carbon, %

Neut. No., mg KOR/g
Pour Point (ASTM), °F
IBP, °F

108 Recovery
Recovery, §

Crackad, °r

1

Faed
S=8AM

Plash {41)
Naphtha

1/725-12p8

85.02
12.27
0.03
15.2
185
0.02

TNSPECTIONS FOR CRAMKCASE OIL MUN - JAWUARY 1974

Vac.Dist, ($2)
Haphtha

85.78

12.38
0.21
0.63
0.81

Trace
s
0.02

2.7%
112

Vacoum Distillation Light Distillate (43)

1(;5-4»9:

06.18
13.52
0.19
None
0.63

l%izllnm 1‘%2:3“

097 0.030
Trace Trace
0.33 0.013
7
4.2 4.1
240 240

1/24-4a  1/23-6PN
0. .
- 06.3%9
- 13.3
- 0.1l9
- 0.02
- 0.09
0.062
0.2
»
2.012
104
4.5
250
Passen/18
- 0.8}

1/22-8pn

Vacuum Distillation Esavy Distillate (#4)

1/25-4PN  1/24-4AM

1/26-4PK

86.61
13.22
0.16
0.01
0.16

4
Passes/1B

0.11
292

86.58
1.3
Hm;e
0.06
0.099
trace

1(:2:»-1

Vac. Dist
Bottoms

125

85.97



Table 6. LABORATORY DISTILLATION DATA
(ASTM Distillation D-86)

LIGHT DIST. HVY. DIST.
(#3) (#4)
1/25/74-4 PM 1/25/74-4 PM
Initial Boiling Point, OF 368 414
5% Recovery 535 665
10% 606 678
12% -- 680
20% 647 690
30% - 692
40% 678 695
50% 688 698
60% 690 -
70% 694 -
80% 707 -
Final Boiling Point 712 714
% Recovery 86 55
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Table 7. JANUARY 1974 CRANKCASE WASTE OIL RUN

AVERAGE TEMPERATURES

oF
Flash heater inlet 51
Flash heater outlet 200
Flash tower vapor outlet 152
Flash tower bottom 152
Fractionator heater inlet 121
Fractionator heater outlet 607
Fractionator flash zone 593
Fractionator bottom 588
Fractionator top (uapor outlet) 203
Vapor space above hvy reflux inlet 406
Heavy cut at additive mixer 528
Light cut at additive mixer 238
Heavy cut at stripper inlet '542
Light cut at stripper inlet 243
Bottoms Cooler Inlet 547
dottoms Cooler Outlet 283
Heavy Reflux Cocler Inlet 506
Heavy Reflux Cooler Outlet 176
Light Reflux Cooler Inlet 230
Light Reflux Cooler Outlet 156

2C



Table 7 (Continued) JANUARY 1974 CRANKCASE

WASTE OIL RUN

Light Distillate Cooler Inlet

Light Distillate Cooler Outlet

Heavy Cooler Outlet

Line to 1lst Stage Vacuum Pump
Line to 2nd Stage Vacuum Pump
Cooling Water Intake

Cooling Water Discharge

Ambient

21

OF

234
131
206
42
135
41
54

40



Table 8. JANUARY 1974 CRANKCASE WASTE OIL RUN

AVERAGE PRESSURES

Flash Heater Inlet 1.4 psig
Flash Heater Outlet 14.2 in. Hg vacuum
Fractionator Heater Inlet 32 psig
Fractionator Heater Outlet 20.8 in. Hg vacuum
Fractionator Flash Zone 28.1 in. Hg vacuum
Fractionator Bottom 28.1 in. Hg vacuum
Vacuum Fractionator Barometric

Condenser Outlet 28.4 in. Hg vacuum
Light Cut Drawoff 28.9 in. Hg vacuum
Heavy Cut Drawoff 28.3 in. Hg vacuum
Heavy Stripper Inlet 28.1 in. Hg. vacuum
Light Stripper Outlet 28.2 in. Hg vacuum
Bottoms Cooler Inlet 6 psig
Bettoms Cooler Outlet 3 psig
Heavy Reflux Cooler Inlet 45 psig
Heavy Refilux Cooler Outlet 43 psig
Heavy Distillate Cooler Outlet 43 psig
Light Reflux Cooler Inlet 41 psig
Light Reflux Cooler Outlet 8 psig
Light Distillate Cooler Inlet 31 psig
Light Distillate Cooler Outlet 30 psig
Flash Barometric Condenser Outlet 23.4 in. Hg vacuum



Table 8. (Continued) JANUARY 1974 CRANKCASE WASTE
OIL RUN

Steam Boiler 103 psig

Water Pump 25 psig
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Table 9. JANUARY 1974 CRANKCASE WASTE OIL RUN

STEAM CONSUMPTION

Flash Tower Vacuum Pump
Fractionator Vacuum Pumps
Bottoms Pump

Heavy Cut Stripper

Light Cut Stripper
Fractionator

Control Room

24

1bs./hr.
131
456
69
0



Table 10. JANUARY 1974 CRANKCASE WASTE OIL RUN

MAJOR SOURCES OF POWER CONSUMPTION

220 Volts, 3 Phase

Water pump

Heavy cut pump

Light cut pump (8)

Light cut pump (N)

Flash tower bottoms pump (Viking)
Flash tower bottoms pump (Imo)
Test separator pump (Moyno)
Air compressor

Feed pump

Flash Heater Burner
Fractionator Heater Burner
Fractionator Heater Blower
Compressor - South Boiler
Burner - South Boiler

Fuel Pump - North boiler

Burner - North Boiler

Motor
RPM

1755
3450
1730
1760
1140
3500
1170
1740
1155
3450
1750
1160
3500
1730
1160
3500

Amps
64.8
26.8
13.6
27.0
15.0

8.4
22

19

294

HE.
25
10

10

108



Table 11. JANUARY 1974 CRANKCASE WASTE OIL RUN

Start: January 22, 1974 Stop: January 26, 1974
Onstream Time: 90 hours

Total Gallons/ vVol.

Gallons hr. %
Feed 169,000 1879* -
Products
Flash Tower Naphtha (#1) 1,000 11 0.6
Vac. Dist. Naphtha (#2) 36,800 409 21.8
Light Distillate (#3)} 100+ 93 1
Heavy Distillate (#4) 80,40 7.5
Bottoms 45,000 500 26.6
Water (Flash Tower) 5,500 61 3.3
Loss (unaccounted for) 400 -- 0.2
189,100 100.0

* 1074 barrels per stream day.
+ Approximately 58% light distillate, 42% heavy distillate.
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OTHER WASTE OILS

During the period covered by this Report, NORCO accept-
ed waste oils from a multitude of sources. Considerable
plant and laboratory effort was consumed in characterizing
waste oils and in converting them to useful products. Dif-
ficulty in measuring water content of very wet oils was
ocercome as shown in Table 12.

The following represents a few of the oil sources and
characterizations. Additional data are provided in Appendix
G, and in Section V.

- 0il stored in 20x20 South Tank (charge for run
no. 9), 10-15% water, 8.5 to 29.5°API, depending
on sampling point.

- O0il from tank cleaning, 33.8% H,0, 0.9% sediment.

- Oil from an industrial separator, 1.4% H,O,
0.74% sediment.

-~ Tank bottoms, 50.2% BS&W.
- 0il from a spill cleanup, 47.6% H,0, 13.5% ash
~ 0il from barge cleaning, 0-90% H,O

The prinicpal methods used for upgrading the wide
variety of waste o0ils received were settling in tanks,
dryving by distillation, and blending. Drying operations
were conducted in the vacuum distillation column, bypassing
the flash column used in crankcase waste oil operations.
The vacuum column was generally run at about 22-2€¢ in. Hg
vacuum, and at a bottom temperature near that recommended
on Table 13. The throughput was limited primarily by the
water content of the o0il being run.

Product characteristics were largely a function of the
feed type. Extensive blending was used to produce salzable
fuel o0il. Table 14 provides an example of processed fuel in
storage.

Data for 28 runs using blended waste o0ils are reported
in Appendix K.
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Table 12. WATER DETERMINATION METHOD FOR WASTE OILS

Determination of water content in many waste fuel oi}s
cannot be satisfactorily obtained by the usual centri-
fuging tests, ASTM D1796 and ASTM D2709, because of
formation of a gel which precipitates in the bottom of
the centrifuge tube. Water in the oil apparently com-
bines with various compounds in the oil to form the gel
in a total volume which bears no direct relation to the
volume of water. Tf the sample is diluted 1l:1 with
naphtha or kerosene and distilled in a manner somewhat
like that described in the test ASTM D-95, the water
content can be accurately and reliably determined.
Modification of apparatus and procedure in distillation
test ASTM D-95 provides rugged inexpensive apparatus

and satisfactory procedure for determining water content
over a very wide precentage range. The sample may be
heated and distilled to the required temperature to
drive over all water much faster than when following the
procedure specified in distillation test ASTM D-86.

Also the dilution with naphtha or kerosene may be varied
according to viscosity and probably water content, judged

from gravity and appearance.

~ Following are some typical determinations made in
this way using a 50-50 mixture of waste oil and benzene.

Load No. % HyO % Sediment Total BS&W

1 66.0 3.0 69.0
Z 76.6 3.0 79.6
3 73.3 3.0 76.3
4 50.0 3.0 53.0
6 70 3.0 73.0
7 90 1.3 91.3
8 66 3.0 69

27 50 2.0 62

48 b0 1.0 61



Table 13. RECOMMENDED TEMPERATURES FOR
DRYING WASTE FUEL OIL

Fractionator Boiling Point Recommended
Vacuum of Water Fractionator
in. Hg op Bottom Temp., OF*

29 76.5 117
28 100 140
27 114 154
26 124.5 165
25 133 173
24 140 180
23 146 186
22 152 192
21 157 197
20 l6l 201
18 169 209
i6 176 216
14 182 222
12 187 227
10 192 232
8 197 237
6 201 241
4 205 245
2 209 249
Atmospheric 212 252

*40°F over boiling point, OF (heater stack limited to
660°F and heater inlet limited to 62 psig.)
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Table 14. TYPICAL FUEL
Gravity

Flash Point P.M. C.C.
Viscosity, S.U. @ 100°F
Viscosity S.F. @ 122°F
Pour Point

Sulfur, ASTM D1552
Water & Sediment
BTU/gallon

Ash

PRODUCT IN TANKAGE DECEMBER 1972

25.0°API
206°F
350 secs.
24.9 secs.

minus 25°F
0.37%
0.3%
144,632
0.04%
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OPERABILITY PROBLEMS AND SOLUTIONS

Operability problems encountered with crankcase waste
oils in a vacuum distillation type process have been dis-
cussed in a previous report.! Mechanical and other problems
encountered because of the wide variety of waste oils pro-
cessed in recent operations are discussed in Appendix A,
along with discussion of solutions to many of the problems
considered.

The crankcase waste oil problems are related primarily
to oil instability, the tendency of the o0il to form poly-
meric materials, especially at elevated temperatures but
also at moderate temperature. This is true for the dis-
tillation products as well as the raw oil. The chemistry
of this problem and methods of pretreatment are considered
in Section V.

As discussed earlier in this section and in the earlier
report,! anti-fouling additives are hlepful even though not
totally effective. These may be expected to cost less than
0.1¢ per gallon of oil for 50 ppm of the Nalco or similar
types, but the cost of the borohydride used in the January
1974 crankcase oil run would exceed 1l¢ per gallon. Insuf-
ficiant experience was accumulated to determine optimum
concentration or justification for anti-fouling additives.

The importance of careful design to minimize serious
fouling during crankcase waste oil operations cannot be
overemphasized. For example:

1. Tower internals should be simple and should not
allow accumulation of liquids. Mist eliminators
tend to foul and have been replaced by cyclonic
type mist separation in both the flash column
and the vacuum fractionator. Spray decks in the
upper section of the fractionator were filled
with concrete to prevent liquid accumulation
and tar formation.'

2. Purnaces must be designed to minimize extreme
fouling caused by high tube metal temperature,
even at the expense of higher capital cost.

Flue gas recycle practiced by NORCO and internal
furnace modification to prevent excessive radia-
tion have improved operation.
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3. Furnaces, heat exchangers, and product coolers
must be designed for easy access to allow fast
cleanout when fouling does occur, Or spares

must be provided.

4. Product accumulators are useful where settling
of solids can occur without causing serious
fouling problems such as in lines, valves, or
pumps. A screen is used in the bottom of the

flash column to avoid such problems,

These design approaches are useful in improving operability,
but do not contribute to improved lube distillate quality.
This can be accomplished only by treatment, such as with

clay or with hydrogen.

Other waste oils may cause problems similar to crank-
case o0il, but other problems also arise as discussed in
Appendix A. The most serious of these are solids deposition
throughout the system, but especially in furnace tubes, and
erosion due to sand and other foreign materials which con-
taminate many "garbage oils." Here, design solutions such
as sugggsted above, are important as is filtration prior tb
processing and anti-erosion design. The elimination of
sharp turns, the use of extra-hard materials, and especially
the replacement of elbows which plugged tees have been found
to be helpful. The foreign material tends to accumulate in
the plugged branch of the tee, providing an erosion resis-~

tant surface.
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POLLUTION CONTROL

Because most processing systems are closed and because
the waste oils normally encountered are high boiling and
low in sulfur, air pollution has not been a problem in
NORCO's operations. Very little odor is noted from the
oil/water separator area, from tank vents, or from the
vacuum system. Therefore, it is not believed to be neces-
sary to provide air pollution controls in the type of oper-
ation conducted to date. As will be discussed in Section
VI, hydrogen treatment will produce small guantities of
gaseous emission which may require some form of control.

On the other hand, wastewater from the processing plant
must be monitored and controlled for oil and possibly other
pollutants. The four primary sources of oil emissions are:

1. 0il vaporized when distilling or drying crankcase
or other waste 0ils which contaminates steam
condensate from steam jet vacuum pumps and steam
stripping, cooling water used in barometric con-
densers, and water which is also vaporized from
wet oils.,

2. O0il remaining in water removed from tanks where
primary oil/water separation takes place.

3. 0il which leaks from coolers into the cooling
water,.

4. Spills and leaks in process areas which contam-
inate surface runoff waters.

In the present NORCO operation, the greatest volume of oil
contaminated water arises from the first source, as shown
below:

GPM
Flash tower barometric condenser (normally 70
used only for crankcase waste oil)
‘Vacuum distillation barometric condensers 180

Prcduct codlers (contaminated only when lealing) 50
Boiler blowdown rainor
Tank withdrawals and runoff water variable

All wastewater is processed through the oil/wabtér separation
system.
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Baremetric condenser effluents undergo primary 01%{
water separation in tanks to recover the bulk of the z;nks
present. The contaminated water effluent ?rom these S
with other wastewaters, pass through two oil/water separa
tors in series. These separators each have a holding
capacity of about 7300 gallons, providing a total residence
time of 49 minutes when the flow rate is 300 GPM.

0il separation from discharged water appears to be
highly variable as shown in Tables 15-17. Oll_and phenol
contamination appear to be higher when processing crankcase
waste oil than when other waste oils are processed. §t
times, the oil content of the intake water from the Kill
Van Kull appeared to be extraordinarily hlgp. The waste-
water discharge data reported here are con51stenp with
previously reported information on other waste oil pro-

cessing plants,

A General Electric Model OPC-50 oil/water separator
was tested during the January 1974 crankcase waste oil run
as to suitability for oil removal from wastewaters. The
separator is a gravity type designed to achieve total
laminar flow of the wastewater from the input manifold,
through baffles, and through a combination of specially
configured coalescing plates and packs. With a flow head
of approximately two feet to maintain capacity flow, the
unit operates at atmospheric pressure with essentially no
pressure drop from inlet to outlet. While the wastewater
flows thnrough the separator horizontally, the oil adheres
to the plates and moves vertically through the specially
configurated piate banks. When the oil reaches the liquid
surface level in the separator, it is automatically skimmed
off by a nassive float device that can also control the oil
layer thickness to insure that water-free oil is removed
from the separator. The separator can be run under an inert
gas blanket, and a coalescing media pack can be provided for
final polisning, but these options were not used in this
test. A sketch of the separator and a more detailed des-
cription may be found in Appendix H.

The GE OPC-50 separator provided a nominal residence
time of 14 minutes at 100 GPM (neglecting internals). The
test flow scheme is shown in Figure 3. Data obtained at
60 to 100 GPM flow rate through the GE separator are shown
in Table 17. The separator removed 90-98% of the oil, but
the high inlet loading prevented really effective cleanup.
The GE separator could be considered for final cleanup
after conventional gravity separators.
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Table 15.
Date
(1973)
2/14-15
2/21-23
2/26-27
3/5-6
4/9-10
4/25-26
4/30-5/1
5/31

May Crank-

case 0il
Run

# Prom Kill Van Kull.

WASTEWATER QUALITY WHEN PROCESSING

MISCELLANEOUS WASTE OILS

Sample

011
ppm

Cw

CwW

CwW

Cw

CwW

CwW

Cw

CW

CW

In*

Outt

In
Out
In
out
In
Out
In
Out
In
Out
In
Out
In
out

In
Oout

< 20ND
209

Phenol
_ppm___
<0.05ND

5.1, 0.1

0.15
008

<0.,05ND

16

<0.05ND
5

<0.05ND
5

<0.05ND
2

<0.05ND
14, 10

CW = cooling water.

* Leaving 2nd oil/water separator

;
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350,360
17,425,380

312,575



Table 16. WASTEWATER OIL AND GREASE CONTENT DURING
MISCELLANEOUS FUEL OIL RUNS -~ JUNE-JULY 1973

0il & Grease, ppm

In Out

June 1973 103 124
<1 ND <1l ND

13 90

38 70

68 31

<1l ND 2

July 1973 6 16
97 54

6 10

5 21

8 35

<1 ND 2

9 14

6 13
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Table 17. WASTEWATER ANATYSES - JANUARY 1974 CRANKCASE WASTE OIL RUN

mg/1
Sample Total
‘Sample Time Suspended 0il

Date (All PM) pH Solids Phenols Content TOC
Cooling Water Inlet 1/23/74 8 6.8 8 0 0 18
GE Separator Inlet * v 6.4 11 9 2100 560
GE Separator Outlet " " 6.0 5 10 40 430
Discharge to Kill?* " " 6.5 14 10 1200 350
Cooling Water Inlet 1/24/74 2 7.2 23 0 0 18
GE Separator Inlet " " 6.4 36 10 2500 420
GE Separator Outlet " " 6.5 53 14 450 380
Discharge to Kill*¥ " " 6.5 47 6 1250 310
Cooling Water Inlet 1/25/74 2 7.5 6 0 0 17
GE Separator Inlet o " 6.7 26 12 2000 380
GE Separator Outlet " " 6.5 20 12 200 365
Discharge to Kill* " " 6.7 35 6 500 425
Cooling Water Inlet 1/26/74 2 7.1 47 0 0 11
GE Separator Inlet " " 6.6 81 12 2800 575
GE Separator Outlet " " 6.7 24 12 100 377
Discharge to Kill* " " 6.9 50 6 700 312

GE Separator Outlet Temperature approximately 44°F

* Rill Van Kull



SECTION V

RESEARCH STUDIES

The research conducted in this program was aimed pri-
marily at improving methods of recycling crankcase waste
oils. They consisted of:

- laboratory and field studies of methods for pre-
treatment, designed to avoid problems in pro-
cessing crankcase waste oils by distillation;

- laboratory studies of bottoms, and other lead
containing fractions;

- laboratory studies of catalytic hydrogen treat-
ment to improve color, odor, and other properties
of lube distillates;

- laboratory studies of chemical reductions with
hydrides to improve color, odor, and other
properties of lube distillates; and

- diesel engin tests:ron a distillate fractien.

in addition, considerable laboratory work was done to char-
acterize both crankcase and other waste oils, and water
effluents. These data are covered in Section 1IV.

PRETREATMENT

Pretreatment experiments were conducted both to try to
separate existing sludge and metals in crankcase waste oil,
and to eliminate precursors to further sludge formation
during processing. These precursors appear to be products
of crankcase oil reactions with blowby gases, such as nitro-
gen oxides. Precursors can be related to nitrogen oxide
compounds present in the used o0il.? The use of taustic and
centrifugation pretreatment has been déscribed prewionsly.®
In this work, centrifugation .experiments with and without
solvents succeeded in.separating metcals and sludge, and
treatment with amines appeared to improve oil stability.



Centrifiugation

As shown in Table 18, some separat@on of sludge -and
water does occur from crankcase waste oil by sett;ing
This can be enhanced by dilution with naphtha. ‘Hawevgr,
the process is slow and incomplete. The.diff;cqltlgs gf
filtration, as an alternative, are described in -Appendix C.

The centrifugation experimemts in Ta@leS'l9~%¢ clearly
show that, although high speed centrlfugat}on sucgeeds in
removing sludge and water, the recovergd oil remains un-
stable and new sludge is formed at 250°F from precursors
(Table 21). As expected, separated sludge egntalns a wide
variety of metals as shown by semi—quagtltatxve specto-
graphic analysis. Quantitative analy51§ for Pb, Ba, Zn,
and Ca showed 2.4, 1.4, 1.1, and 0.9 weight percent respec-
tively (Table 2@). Commercial centrifuge experiments des-
cribed in Appendix D were relatively unsuccessful because
a force of only about 6000 x G was obtainable and because
of difficulty in solids discharge. However, the use of
butanol, which will be described under Solvent Treatment,
did improve solids separation to some extent.

Solvent ¥reatment

The following solwents were screened to test 'their
ability to coagulate and precipitate impurities in crankcase
waste o0il: methanol, ethanol, n-propanol, :isopropanol,
n-butanol, isobutanol, pentanol, cyclohexanol, toltene,
methyl ether, methylethylketone, acetone, anyl aleohol,
glycerol, n-heptanol, hexanol, 2-furaldehyde, furfurol,
‘dodecanol, tetraethylenepentamine, phenol, n-octanol,
-igo~octanol, 2-aminoethanol, hexane and naphtha (Tables
22 and 23). For- the data in Table 84, solvent ratios of
1 to 4 volumes per wolume of raw crankcase waste o0il were
'shaken in a separatory funnel and allowed-to ‘dettle for
several ‘days. The light solvents such as methanol and
‘ethanol ‘showed little precipitation power. The more pro-
mising solvents, as ‘determined by visual observation of
precipitation power, were studied further to Betermine the
relative amounts of precipitate produced. 'In the 10,000 x
G one hour experiments, the supernatant solvent phases
appeared very bright for .cyclohexanol, hiutanol, and octanol,
‘as' compared to a dark oil supernatant liguid where no
solvent was used.
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Table 18. SEPARATION OF SLUDGE AND WATER FROM CRANKCASE OIL
BY SETTLING

Vol. % Water and Sludge on Standing*
DR R wWt. %
1 Hour 3 Hours 24 Hours 48 Hours Residuet

Crankcase
0il - - - 12

Crankcase
0il/Naphtha
(1:1) 8.3 21.7 25.0 - 2.0

Crankcase
0il/Naphtha
(2:1) 10.0 - 20.0 - 2.2

* Volume % based on oil only
(specific gravity of water layer = 1.016)

+ After 72 hrs. standing, decanting water layer,
1l hr. centrifugation at 10,000 G. Based on
oil only. O0il layer dark-bright.
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Table 19. CENTRIFUGATION O) CRANKCASE OILS

Charge:*

Solvent

Solvent/ccot

Centrifugation, G
’ min

Wt. % vater

Wt. % residue

Phases

Top Phase

Charge:*

Solvent

Solvent/ccot

Centrifugation, G
min

Wt. % water

Wt. % residue

Phases

Top Phase

CCo-1 CCco-1
Naphtha Naphtha
i/1 1/1
1&,000 5,000
60 60
2.00 2.02
CCO(E) CCO-2
0/1 0/1
10,000 10,000
60 60

0.5 -

1.8 1.3

- 2

- Dark

CCo(a)

0/1
10,000
60
15.0
1.5

Cco-2
Naphtha
1/4
10,000
60

1.5

Dark

CCo (B)

0/1
10,000
60

1.5
1.3

CCOo-~2
Phenol
1/10
10,000
60

1.8

3
Bright

* CCO-1 = raw crankcase oil from NORCO tankage (batch 1)

CCo-2

N CCo(a), cco(B), =Ee.
wt. ratio
* pr

eheated to 130°F prior to centrifuging

raw crankcase oil from NO

RCO tankage (batch 2)
= raw crankcase oil from supplier A,

cco(Q)

0/1
10,000
60

1.0
1.4

CC0-2
Phenol
1/5
10,000
60

1.7

Bright

B, etc.

cco(b)

0/1
10,000
60

1.0
1.6

CCo-1
Naphtha
1/1
10,000
30

1.92
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Table 19. CENTRIFUGATION OF CRANKCASE OILS (Continued)

Charge: *
Solvent
Solvent/ccot

Centrifugation, G

Wt. % water
Wt. % residue
Phases

Top Phase

Charge: *
Solvent
Solvent/ccot

min

Centrifugation, G

Wt. % water
Wt. % residue
Phases

Top Phase

min

CCO~1
Naphtha
1/1
5,000
30

1.96

cco-2#

0/L
5,000
60
0.91

CCo-2
n-Butanol
1/1

5,000

30

1.54

cco-2#
Naphtha
1/4
5,000
60

1.43

CCo-2 CCO-2
n-Butanol -
1/4 0/1
5,000 5,000
30 60
1.27 0.69
- 2
cco-2# CCo-2
Naphtha -
1/2 0/1
5,000 3,000
60 60
1.70 0.69
- 2
- Cloudy

CCo-2

Naphtha

1/4
5,000
60

1.55

CCo-2
Naphtha
1/4
3,000
60

1.10

Cloudy

CCO-2
Naphtha
1/2
5,000
60

1.93

CCO0-2
Naphtha
1/2
3,000

60

1.37

3
Slightly
Cloudy



Table 28, SEPARATION OF SLUDGE AND WATER FROM
CRANKCASE OIL BY CENTRIFUGATION

Charge: O0il/Naphtha = 1l:1

3,000 G 5,000 G 10,0006
30 min. 60 min. 30 min. 60 min. 30 min. 60 min,

Volume $%

Water 0 0 30 30 30 30
Colqr of Dark Dark

0il - - --- Brown --- -~= Bright ---
Residue,

wt. &% 1.9 2.0 2.2 1.8 2.3 1.9

* Based on' oil only
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Table 21. CONSECUTIVE HEATING AND CENTRIFUGATION

OF CRANKCASE SUPERNATANT OILS

Original charge-~Raw crankcase waste oil

Heating Phase--250°F for 60 minutes (with stirring)
Centrifugation--32,000 G for 60 minutes

Heating + Centrifugation + Residue Washing + Decanting

= 1 Cycle

Cycle Wt %

No. Residuet

+

1.3 (8 tests/1.26-1.40)
0.10 (4 tests/0.08-0.11)
0.05 (4 tests/0.048-0.055)
0.13 (4 tests/0.12-0.14)
0.09 (4 tests/0.09-0.10)
0.10 (4 tests/0.09-0.10)
0.05 (4 tests/0.04-0.06)
0.05 (4 tests/0.04-0.07)

0O ~JTAUL W

Based on supernatant liquid charged to cycle indicated.
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Table 22. ANALYSIS OF SOLID SLUDGE FROM CENTRIFUGATION
OF RAW CRANKCASE OIL

PPM by Semiquantitative Spectrograp@ic Analysis
(ppm by gquantitative analysis)

7000~ 700- 70— 7- 0.7-
70,000 7000 700 70 7 <0.7
Ca (8,900) P B As B1 Be
Pb (23,620) Mg Mn v Ag

Fe Sn ir

Si Cr In

Al Ni Co

Cu Mo Bi

Ba (10,600) Ti
Ba (13,700) Sr

Not Detected: Sb, Nb, Cd, Na, K, Hg

Procedure: Approximately 40 g. samples of used crankcase
0il were centrifuged in 50 ml. conical tubes
to obtain a sludge that-was o0il wetted (Sorvall
Model sS-1 high speed centrifuge). The oil
wetted solids were further washed with pentane
to arrive at dry solids which were analyzed
(further drying at 100°C overnight yielded a
30% weight loss). Dry solids approximately
2% of original oil.
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Table 23. SOLVENT MISCIBILITY TESTS
1 part solvent: 1 part raw crankcase oil

at room temperature
1. Hexane - completely miscible

2. Butanol - 2 phases-~-dark sediment on bottom,
light red layer on top

3. Pentanol - 1 phase

4. Methyl ether ~ 2 phases--80% bottom dark,
20% top red

5. Toluene -1 phase

6. Methyl ethyl ketone - 2 phases-~dark deposit on
sides, black o0il on top

7. Methanol -~ 2 phases (very distinct)--top yellow
layer

47



Table 24, RESIDUE PRODUCED BY SOLVENT TREATING
OF RAW CRANKCASE WASTE OIL

Centrifugation at 32,000 G for 1 hr,

wt. % Residue

Solvent/0il Ratio 0 1: 3:1  4:1
No Solvent* 4.1 -
isopropanol* -
isobutanol#* -
n-butanol* -
2-aminoethanol#
cyclohexanol

| &

1
4
2 -
1
4

1
[

Centrifugation at 10,000 G for 1 hr.

wt. % Residue

Solvent/0il Ratio 0 1:1 2:1 3:1 4:1
No Solvent 3.3 -~ - - -
isopropanol - - - - 6.3
isobutanol - - - - 8.3
n-butanol - 3.7 4.4 6.9 7.0

Centrifugation at 10,000 G for 1 hr.t

wt. %(gesidue

Solvent/0il. Ratio 0 I:I 2:1T 3:1 4:1
n-butanmol** - 2.3 2.2 2.6 2.8
cyclohexanol # - 2.2 2.2 2.6 3.3
n-heptanol - 2.1 2.1 - -
hexanol - 2.1 2.4 - -
2-furaldehyde - 1.7 1.9 - -
furfurol - 2.2 2.2 - -

Centrifugation at 10,000 G for 30 min.

wt. % Residue

Solvent/2il Ratio 0. 1:1 2:1 3:1 4:1
No. Solvent 2.6 - - - -
dodecanol - 2.7 2.7 - -
octanol - 2.9 3.3 2.6 -

* Residue pentane washed

+ Residue pentane washed twice followed each time by
10,000 G for 15 min.

# 3 phases present

** 4 phases present
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The high residue observed with 2-aminoethanol (Tables
24 and 29) could indicate either a high precipitation effi-
ciency or reaction of the solvent itself. Most likely, at
least some reaction occurs.

The alcohol group shows real promise for precrpltatlon.
A process based on isopropanol has been proposed. 11" In the
present work, n-butanol was pursued further, including the
engineering fea81blllty study reported in Section VI, and
some simple treating experiments shown in Tables 25-28.
Treatment with butanol results in an oil with a clear red-
dish cast and a sweet odor. The odor can be eliminated by
treatment with hot water or vacuum evaporation, but subse-
quent high temperature distillation restores a "burnt" odor.

Work with wvarious amines, shown in Tables 29-32, indi-
cates that these can accomplish precipitation similar to
the solvents previously discussed, but with lower concen-
trations. Odor seems to be reduced by amine treatment,
probably by reaction with carbonyls. Color is sometimes
intensified, possibly by reduction of nitrogen oxide com-
pecunds forming azo groups. Inexpensive amines or ammonia
could be considered as agents for sludge precipitation, but
further investigative work is required.

LEAD RECOVERY FROM CRANKCASE WASTE OILS

Lead concentrates can be recovered from tank bottoms
and pretreatment precipitates (Table 33), or from vacuum
distillation bottoms. The distillation bottoms, or unvapor-
ized portion of the crankcase waste o0il fed to the vacuum
distillation column, contains virtually all of the unpre-
cipitated metals and high boiling polymerized fractions of
the 0il, as well as some hydrocarbons which could be con-
sidered potentially valuable as lubricating stock. The oil
serves as a carrier for the impurities, but in actual fact
should be minimized to the extent possible. To minimijize
the quantity of bottoms, it is necessary to operate at as
high a vacuum and as high a temperature as possible, limited
by cracking in the preheat furnace and in the distillation
column.

Previous studies have shown that impurities in crank-
case waste cil, such as nitrogen and oxygen, also tend to
concentrate in the bottoms fraction.?® These data are repro-
duced as Figures 5-8. Properties of typical bottoms frac-
tione are provided in Section IV,
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The crankcase waste oils available at the time- this
work was done (most gasoline leaded) contained on the: order
of 1% lead, with significant quantities of calcium, zinc,
and barium., Based on taking a 5 to 20 percent bottoms cut
from crankcase waste oil feed, the bottoms lead content
would then be about 5 to 20 weight percent.
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Table 25. BUTANOL TREATING EXPERIMENT

Charge: 70 ml. raw crankcase waste oil
120 ml. butanol
30 ml. pentane
20 ml., acetone
240
Results: Immediate dropout of sludge.
Centrifuged for 1 hr.
Distillation: Mixture heated in water bath with vacuum
applied to flask. 50 ml. oil recovered.
from flask dark (6+ color) with only a
very faint smell of alcohol. Alcohol
recovered had a yellowish tinge.
Chromatographic
Treatment: 10 ml. of above o0il passed over 10 g. of

a 24/40 granular material (Georgia-
Tennessee Mining & Chemical Cc., Harrison,
N.J.). No change in color.

Table 26- BUTANOL TREATING EXPERIMENT

Charge: 40 ml. butanol

160 ml.

raw crankcase waste oil

Results: Solids separated in centrifuge

Distillation:

Mixture heated in water bath to 65°C water
temperature at 27 in. Hg vacuum. 68 ml.
left in flask after a few hours. Alcohol
remaining in flask as detected by odor.
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Table 27, BUTANOL TREATING EXPERIMENT

Charge: 160 ml. butanol (80 Vol. %)
40 ml. raw crankcase waste oil (20 Vol. %)
Results: About 2% by weight solids separated in
centrifuge

Distillation: About 130 ml. of solvent came off at 110-
118°C. As temperature rose in the distilla-

tion an acrid smell was noted in the oil.
An IR examination showed acid present which
had been previously absent (butyric).
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Table 28. DISTILLATION OF n-BUTANOL-CRANKCASE
. 0IL MIXTURE

Charge: 250 ml of 1l:1 n-butanol/crankcase oil mixture
after centrifuging for 30 min. at 10,000 G

Liquid Sstill Vapor

Temp, ©C Temp, °C Cut, ml.
99 87 lst drop over
102 94 17.5 (5 ml. bottom layer)
105 95 12.5 (3 ml. bottom layer)
109 96 14.5 (2.5 ml. bottom layer)
115 103 17.0 (1.0 ml. bottom layer)
119 116 20.5 (no bottom layer)
120 113 24.6 (no bottom layer)
120 113 30.0 (no bottom layer)
120 113 30.5 (no bottom layer)
120.5 113 30.0 (no bottom layer)
125 115 20.5 (no bottom layer)

217.6

(Some alcohol still in bottoms)
Added 250 ml. of fresh charge to bottoms

103 92 1st drop over
107 94 25
109 98 50
115 105 75
118 110 100 k Cumulative
121 111 150
123 111 175
133 110 210
20 end
230 ml.

Recovered 48 ml. of bottoms
Recovery = 217.6 + 230 + 48 = 99%
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Table 29, SOLVENT TREATMENT WITH 2-AMINO ETHANOL

Residue After Centrifugation
At 10,000 G for 30 min.

Solvent/0il Ratio 1:1 0.5:1 0.1 0

Number of Phases 3 3 ) 2

Vol. % - Top Phase 62.5 60 90 -

Vol. % - Middle 37.5 38 10 -
19.8 9.0 2.6

Wt. % - Residue 18.1

Table 30. TREATMENT OF SUPERNATANT LIQUIDS FROM

a'

CENTRIFUGATION WITH TETRAETHYLENEPENTAMINE

1 part by wt. of naphtha to 2 parts crankcase oil
centrifuged at 32,000 G for 30 min.
(Top layer = 1.58 ml/g. crankcase oil)

Top layer heated to 120°F with 1 part tetraethylene-
pentamine to 10 parts original crankcase oil charge
and centrifuged at 32,000 G for 30 min.

(Top layer = 0.96 ml/g. original crankcase oil charge)

Residue washed with pentane twice
(% Residue, based on original crankcase oil charge,
= 100)



Table 31. SOLVENT TREATMENT WITH 2-AMINO-ETHANOL

0il Charge¥* Distillate Distillate
Wt. Ratio, Solvent/

0il Charge 1/10 1/4
Centrifuge Speed, G 5000 5000
Centrifuge Time, min. 60 60
Separation

Top, ml/g oil 1.01 1.04

Bottom, ml/g oil 0.04 0.15

Residue Treatmentt

Distillate

1/2
5000
60

0.99
0.25

CCO

1/10
5000
60

0.65

—--Washed with 20 ml P/twice with 20 ml M/

twice with 20 ml 3:1 P:M/twice with P

Wt. % Residue 2.13 2.15

* CCO = raw crankcase waste oil
+ p = pentane; M = methanol; i-P = isopropanol

@ 5000 G,

2.00

15 min.

1.95



Table 31. SOLVENT TREATMENT WITH 2-AMINO-ETHANOL (Continued)

0il Charge* Cco cco
Wt. Ratio, Solvent ,

0il Charge 1/10 1/10
Centrifuge Speed, G 3000 5000
Centrifuge Time, min. 30 30
Separation

Top, ml/g oil 0.70 0.75

Bottom, ml/g oil - -
Residue Treatmentt 3 washes with washed with

1:1 i-pP:P/once 1:1 i-Pp:P
with P @ 3000 G
Wt. % Residue 1.55 1.98

4:1 CCO/Naphtha
1/4
5000
60

1.40, 0.90

washed 4 times with
l1:1 i-P:P/once with P

0.8, 2.0



Table 32. TREATMENT OF CRANKCASE OIL WITH
DIETHYLENETRIAMINE (DET)

Charge: Raw crankcase o0il

Procedure: 1. Centrifugation @ 31,890 @ for 30 minutes
to remove the preformed solids.

2. Vacuum distillation of the desludged oil
to remove light ends and water. The ter-
minal temperature at the still was 431°F
and the vapor temperature was 392°F.

3. To obviate reaction of the amine with acids
in the used o0il, a 10 weight percent solu-
tion of 30% pottassium hydroxide was added
to each sample that was treated. The mix-
ture was then heated with agitation for 1
hour @ 150°F. (Each experiment involved
two samples.)

4. The oil was again centrifuged @ 10,000 &
for 30 minutes.

5. The residue was carefully washed and the
percentage recorded.

6. Variable amounts of DET were added to the
supernatant oil, and heated for one hour
@ 150°F.

7. The oil was again centrifuged at 31,890

G for 30 minutes.

8. ThHe percent residue was determined.

9. An eqgual percentage of DET was again added
with agitation for one hour at 150°F.

10. The oil was centrifuged at 31,890 G for
30 minutes.
11. The percent residue was determined.

The accompanying Figure 4 illustrates the procedure followed.
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Table 32, TREATMENT OF CRANKCASE OIL WITH

DIETHYLENETRIAMINE (DET)

Experiment
No. 1l

Additive 15% DET

Regidue aftet
KOH Treatment 0.58%, 0.68%
(Step 5)

Resdidue after
Additive Treat. 1.11%, 1.27%
(Step 8)

Residue after
Additive Treat.2 0.15%, 0.16%
(Step 11)

Total Deposits: 1.83%, 2.11%

(Continued)
Experiment Experiment
No. 2 No. 3
Heat Only 5% DET

No KOH Treat.
956%’ .59% 202%’ 2.1%
.346%, ,343% 1.9%, 3.2%

.22%, .21%

1.13%, 1.15%

58

0.27%, 0.50%

4.4%, 5.8%



Crankcase 0il

(1) Centrifuge

AN

Deposits
(2) Distill

O%l

i (3) KOH

!

(4) Centrifuge

051 (5) Deposits

(6) Amine

(7) Centrifuge

A
////\\\\'(8) Deposits

0il

{9) Amine

NOTE: See Table 68

10 S
0il (10) for results

TREATMENT OF CRANXCASE
OIL WITH DET-EXPERIMENTAL
PROCEDURE

FIGURE 4
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Table 33, LEAD RECOVERY FROM CRANKCASE WASTE OILS

1. NORCO tank bottoms (green)¥ 42.92% Pb*

2. :Sludge obtained by centrifugation
(Centrico bowl type) of crankcase

waste oil 13.52% Pb
3. Sludge obtained by centrifugation

(Centrico bowl type) of crankcase

waste oil treated with 2 parts of

butancl/part oil 15.88% Pb

* By semi~-gquantitative spectrographic analysis
10-100%--Pb; 1-10%--Ca; 0.1-1.0%--Mg, Fe, Al,
Cw,.Sé,,Zn, Ba; 0.01-0.1%--Cr, Sn, Ni, V, Mo,

Mn, Ti; 0.001-0.01%--B, Bi, Ag, Sr; Not Detected--
p, 8b, As, Nb, Be, 2r, Cd, In, Na, Co, K, Hg

* Bottoms from tank holding vacuum
distillation bottoms fraction.
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Neutralization Number
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This fact led to investigation of the possibility of lead
recovery- Two major avenues were investigated. In the
first, the lead was further concentrated into a solid mater=-
ial/ in the second the bottoms fraction was prepared for
introduction into secondary lead smelting as a fuel.

Lead Concentration

Lead in the bottoms fraction can be concentrated by
treating with naphtha to precipitate the solids, followed
by evaporation of volatile hydrocarbons from the precipi-
tated solids. Supporting data are shown in Tables 34-36.

Solid material containing 32.6% lead, prepared as shown
in Table 353, was sent to the American Smelting and Refining
Company for laboratory evaluation. The evaluation showed
that, although lead recovery from this fraction was feasi-
ble, special processing schemes would have to be developed
to handle it because of the hydrocarbons present.

SimiYtar work and solvent treating tests were conducted
on other lead-containing fractions, and on heavy bottoms
material recovered from the Schuylkill River following a

hgrricane Berk's bottoms). These are reported in Tables
37-39,

Use of Bottoms in Secondary Lead Smeltirng

At the end of 1971, there were 23 firms operating
approximately 45 secondary lead smelting plants in the U.S."
Reverberatory, blast, and pot furnaces are commonly used in
these plants. Both reverberatory and blast furnaces must
be protected by high efficiency air pollution control equip-
ment to minimize particulate (and lead) emissions to the
atmosphere. In the reverberatory furnace, a large refrac-
tory chamber, lead scrap material is fed and melted by
firing burners directly into the chamber. In the blast
furnace (similar to the blast furnace used in iron making)
lead scrap is mixed with coke, which acts both as a fueil
and as a reductant, and fed to the top of the furnace. Air
is introduced at the furnace tuyeres. Molten slag and lead
are renoved from the base of the furnace,
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Table 34. CENTRIFUGATION OF CRANKCASE OIL BOTTOMS

Charge:*

0il Layer, ml/g*t
Water Layer, ml/g
Re31due, wt. st
$Pb 'in Charge
% Pb in 0il Layer
% Pb .in Residue
£.C in Residue
Other Metals in
Residue
1-10%

0.1-1%
0.01-0.1%
0.001-0.01%

<0.001%
Not detected

1:1 Wt Ratlo Na,htna/Bottoms
500 or ‘1 Hour
Bottoms from CCo CCOo
CCO Bottoms Tank  Bottoms Bottoms(BOAPI)
1.5 2.2 1.99
0.1 - -
21.3 5.6 12.1
3.90 1.90 -
0.22 - -
20.3 24.1 -
15.5 29.8 -
Si,Pb,2Zn,Ca, Pb,Zn, -
Ba Ca,Ba -
Al,Fe,Cd,Mg, Al,Fe,Si,
P,Cu,Ti Mg,P,Cu -
Ni,Cr,Sn,Mn, Ni,Cr,Cd,sn,
B,Mo Mn,B,Mo,Ti
Bi,Ga,Sb,V,Ag, Bi,Sb,v,In,
2r,Co,Pt,Tl Co,Pt,Tl
InlBe In ’Ag 'Zr
Ge,As ,Hg,Bu,Na, Ge ,Ga ,As,
W Hg,Au,Be ,W

* CCO = crankcase

CCO bottoms = bottoms from vacuum distillation

Based on weight

oil

of bottoms



Table 35. "DRY LEAD ORE" FROM BOTTOMS OF CRANKCASE OIL
BOTTOMS TANK

Procedure: Mixture of 3 parts of naphtha to one part
of bottoms settled for two weeks; supernatant
decanted; solids pentane washed and dried on
a room radiator.

Product: Solids dry to touch
32.6 % Pb
31.5 8 C
1-10 % si, Zn, Ca, Ba
25-40 % volatile at 400°F (avg. 32 %)

Table 36. RESIDUE SEPARATION FROM NORCO CRANKCASE OIL
TANK BOTTOMS BY NAPHTHA DILUTION AND SETTLING

CHARGE: 300 gallons of bottoms from crankcase
oil tank

PROCEDURE: Mixture of 3 parts NORCO naphtha to 1 part
bottoms allowed to settle for 14 days.
Supernatant liquid decanted leaving 180 1lbs.
of solids (approx. 7.2 wt. %)

PRODUCT : Volatiles at 220°F (overnight) - 26.9%
Lead content - 11.7 wt. %
Carbon content - 38 wt. %

€7



Table 37. SOLIDS CONTENT OF CRANKCASE OIL BOTTOMS

NORCO Bottoms* Berks Bottoms™t
Charge: 10.0495 g. oil 10.3864 g. oil
10.4865 g. pentane 10.4642 g. pentane
Result: After centrifuging 30 min. at 32,000 G
1.7602 g. solids 2.3390 g. solids
{(17.51 % solids) (22.54 % solids)

Charge: 179.5 g. oil
179.5 g. pentane

Result: After one month settling

50.0 g. residue (wet with pentane)
(27.85% solids)

* NORCO settled bottoms - 0.9725 s.qg.
+ Berks aged bottoms - 1.0507 s.gq.
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Table 38. UPGRADING BERK'S BOTTOMS (FROM SPILL) BY
NAPHTHA DILUTION AND FILTRATION

After 1:1 dilution
with 43° API naphtha

As and filtration through
Recovered Buchner Funnel

Water 47.6 2.3
Ash on Ignition 13.5 1.0
Combustibles 80.2 99,

Cu 0.060 0.008
Ba 1.1 0.13
Ca 0.40 0.08
Cr 0.004 0.001
Al 06.31 0.01
Fe 0.57 0.07
Mg 0.06 0.01
Mn 0.02 0.002
Na 0.42 0.05
Ni 0.006 0.001
F 0.34 0.09
Pb 3.8 0.06
Si 2.3 0.04
Sn 0.008 0.002
Ti 0.008 0.001
Zn 0.21 0.04
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Table 39. SOLVENT TREATMENT OF BERK'S BOTTOMS

Treat . Results :

ml oil/ , 1 hr 5 days
Solvent ml Solvent ml oil"- Solvent ml oil Solvent
Amyl Alchol/ , ,

10% P 5/5 5.5 Cloudy 5.0 Clear/
Amy1l Alcohol 5/5 5.0 -Good Septn. 5.0 Dark
Amyl Alcohol/ , Yellow

16 P 4/8 5.4 Good Septn. 4.5
Amyl Alcohol/ ,

108 P 2/8 4.4 Good Septn. 4.2 {
Methanol/10% P 5/5 - S1. Cloudy - Coagulated
Methanol/10% P 4/8 7.5 Cloudy Yellow 7.5 Clear
Methanol/10% P 2/8 - Coagulated Coagulated
50% Methanol/

50% P 2/8 - Coagulated 7.1 Coagulated
Isopropanol/ _

10% P 5/5 6.5 Sl. Cloudy 6.5 Sl. Yellow
Isopropanol/ _ A

10% B 4/8 6.5 S1l. Cloudy 6.5 Sl. Yellow
Isopropanol/ : ,

10% P 2/8 5.5 S1. Cloudy 5.5 Light Yellow
Amyl Alcohol/

10% P 5/5 6.5 Good Septn. 6.5 Good Septn.
Amyl Alcohol/ o o
o log P ‘ 2/8 2.5 Good Septn. 2.2 Good Septn.
50% Butane Diol/ , R S

50% MEK 5/5 Coagulated 8.8 Coagulated

P = Pentane




Based on preliminary tests conducted by NL Industries,
and an analysis of lead smelter operations, it is felt that
the most promising method of using the crankcase waste oil
bottoms in secondary lead smelters is to replace or par-
tially replace the fuel normally fired in the reverberatory
furnace. 1In this way, both fuel and lead values could be
realized, with the lead contained in the bottoms captured
either in the furnace or in the baghouse used for air pol-
lution control. The baghouse material is normally recycled
for lead recovery.

After preliminary tests showed that combustion of the
bottoms was feasible, a decision was made to conduct a full
scale test on a reverberatory furnace in an NL Industries
plant. The work was done under a grant from the U. S.
Environmental Protection Agency. The results will be re-
ported in the near future in a separate document.

CATALYTIC HYDROGEN TREATMENT

Hydrogen is commonly used as a reagent in conventional
petroleum refining to remove sulfur and nitrogen from petro-
leum fractions. The finishing of lube stocks with hydrcgen
has largely replaced acid and clay treatment. Hydrogen
treatment is usually conducted at 300 to 1000 psi and 500
to 700°F over catalysts containing a cobalt/molybdenum or
nickel/molybdenum complex.

In this and other work,? it has been shown that cataly-
tic hydrogen treatment can be used to upgrade distillate
fractions obtained by vacuum distillation of crankcase waste
oil. Witrogen and oxygen is removed from the distillate
fraction, forming NH3 and H,Q. Some sulfur may also be re-
moved from the distlflate, which is already low in sulfur,
as HyS. These impurities are oxidized or scrubbed from a
purge gas stream. The purification process improves the
stability, color, and odor of lube distillates, as shown
in Table 40.
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Table 40. PRODUCT QUALITY IMPROVEMENT BY CATALYTIC-

HYDROTREATMENT OF CRANKCASE OIL

DISTILLATE
Waste Hydro-
Crankcase Untreated Treated
0il Distillate Distillate

HRI Data*

ASTM Color D8 L 7.5 L 2.5-L- 3.5

Odor Offensive Offensive Odor Removed
Exxon Data?

ASTM  Color Black Black Lt. 1.0-1.5

Neutr. No. 5.87 0.51 0]

Con. Carbon, Wt.% 3.33 0.01 0.001

Sulfur, Wt.$ 0.30 0.12 0.1~0.05

Nitrogen, Wt.% 0.08 0.018 0.002~0.006

* See Appendix B
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The results of small scale pilot plant runs on NORCO
distillate are provided in Appendix E. The type of exper=
iment conducted does not answer two other important ques~
tions about hydrogen treatment, namely hydrogen consumption
and catalyst life. Hydrogen consumption was estimated to
be 70 to 160 standard cubic feet per barrel of distillate by
hydrogenation bomb tests and by changes in physical and
chemical properties. The basis for these estimates is
provided in Appendix E.

No tests were made to determine:catalyst life. However,
neither the catalytic hydrogen treatment tests run in this
work (67 hours), or the other work previously mentioned
(about 100 hours) showed any sign of catalyst deactivation.

CHEMICAL REDUCEIONS

The use of hydrides for the reduction of precursors and
color and odor producing compounds in lube distillates may
be a practical alternative to catalytic hydrotreating. Re-
ductants studied in this work were lithium aluminum hydride,
sodium and potassium borohydride, and sodium aluminum di=-
ethyl dihydride. Other aluminum hydrides, borohydrides,
and similar compounds might also be considered.

Sodium borohydride rapidly reduces most aldehydes,
peroxides, and hydroperoxides. Most ketones are reduced at
a much slower rate than aldehydes. Carboxylic acids, carb-
oxylic acid esters, amides, nitriles, and nitro compounds
are not normally reduced. Other types of compounds which
are usually reduced by sodium borohydride are: acid chlor-
1des, aromatic azides, organic disulfides, carbon/carbon
and carbon/nitrogen double bonds, lactones, ozonides, cyclic
guarternary ammonium salts, and Schiff bases. Reductive N-
alkylations, cleavages, cyclizations, deaminations, and deoxy-
genations can occur. Numerous inorganic reductions are also
possible.®s® Technical information on sodium borohydride
is provided in Appendix L. Qualitative infrared informa-
tion confirmed that the borohydrides used did reduce nitro-
ger. oxide compcunds (6.3 microns), but few carbonyls (5.95
micrcns).



Aldehyde, ketone, organdc acid, ester, organic agld
chloride, oxime, amide, nitrile, and nitro compound reduc-
tions by sodium aluminum diethyl dihydrldg (OMH—l) are
known.’ The ability to reduce organic acids, esters,
amides, nitriles, and nitro compounds distinguishes QMH—}
from sodium borohydride, making it possibly more attractive
for waste oil treatment. However, OMH-1 must be héndled
under an inert atmosphere. Technical information is pro-
vided in Appendix L. Qualitative infrared information con-
firmed@ the reactivity of OMH-1 for nitrogen oxide and
carbonyl compounds.

- 8odium borohydride can in theory generate 4 moles of
Hy per mole by hydrolysis:

Therefore, one pound of NaBH, can generate 37.94 standard
cubic feet (32°F, 1 atm) of hydrogen. Correspondingly, one
pound of sodium aluminum diethyl dihydride can theoreti-
cally generate 13.04 standard cubic feet of hydrogen By
hydrolysis:

NaAl (CpHg) gHp + 4 Hy0 = NaAlOp + 2CH5OH + 4 H,.

The potential usefulness of chemical reduction reagents
depends upon selectivity for compounds which contribute to
poor lube properties, the cost of the reagent, and addition-
al steps required, for example to eliminate odors and remove
precipitated salts. The odor problem will be discussed
further. A haze which appeared in treated samples due to
salts, water (where present), and other reaction products
can bz removed by washing (e.g. amines), redistillation,
and/or filtering.

Redistillation of a blend of NORCO No. 3 and 4 distil-
late yields fractions showing an ASTM color of 2.4 to 4.2,
with riost of the light cuts at 2.4 (Table 41). Addition of
solid KBH, or NaBH, to the distillation flask can improve
the color to as low as 1.1 to 1.75, depending on the con-
centration (Tables 41 to 47). It appears that at least
0.016 weight percent KBH4 was required to make a sighificant
improvement. in color. However, odor was not improved in any
cas2., BSowe degradation of color after several weeks was
noted in sample bottles containing borohydride tréated oils,
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Table 41. REDISTILLATION OF CRANKCASE OIL DISTILLATE WITH
AND WITHOUT POTASSIUM BOROHYDRIDE

Distillation of NORCO #3 and #4 blend and
.08 weight % KBH

4
% Still Vapor Vacuum
Recovered Temp. ,°F Temp.,°C (Torr) ASTM Color

10 580 260 49 1.75
20 600 280 58 1.75
30 612 295 49 1.75
40 630 304 49 1.75
50 640 310 47 1.75
60 658 328 47 1.75
70 676 332 47 2.40
80 700 352 47 2.80
90 730 358 47 4.20

Distillate recovery - 92%

Distillation of NORCO #3 and #4 blend -
no KBHy added

10 580 255 48 2.4
20 600 280 48 2.4
30 618 295 48 2.4
40 636 305 49 2.4
50 648 315 49 2.4
60 665 320 49 2.8
70 674 328 47 2.8
80 €92 334 47 3.5
9¢G 730 348 47 4.2

Recovery - 93.5%

Distillation of NORCO #3 and #4 blend and
0.016 weight % KBH,

10 405 190 57 1.75
20 524 195 49 1.75
30 570 242 48 1.75
40 590 268 48 1.75
50 610 270 48 1.75
60 630 275 48 2.75
70 677 278 48 2.75
80 700 285 48 3.50
90 738 270 48 7
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Table 44, REDISTILLATION OF CRANKCASE OIL DISTILLATE WITH Q.0016%
POTASSIUM BOROHYDRIDE*

Distillation of NORCO #3 and #4 blend and 0.0016 weight % KBH,

$ Recovered Still Temp.,°F Vapor Temp.,°C Vacuum (Torr) ASTM Color

10 538 (575) 240 (280) 51 (86) 2-3/4 (2-3/8)
20 548 (615) 242 (305 51 (77) 2-3/4 (2-3/4)
30 562 (640) 248 (318) 51 (73) 2-3/4 (2-3/8)
40 576 (660) 250 (330) 51 (73) 2-3/4 (2-3/8)%
50 595 (683) 254 (343) 51 (75) 2-3/4 (2-3/8)
60 610 (702) 257 (350) 51 (77) 3-1/2 (2-3/4)
70 657 (720) 260 (360) 51 (92) 3-1/2 (3 1/2)
80 672 (765) 280 (375) 51 (77) 4-1/8 (4-3/4)
90 704 270 51 4-3/4

* Numbers in parentheses represent a second experiment
+ Original Color as above = 2-3/8
Color after 12 days = 3-1/2
Color after heat treatment with agitation
at 200°F for 45 minutes = 3-1/2



Table 43. REDISTILLATION OF CRANKCASE OIL DISTILLATE
WITH 1.25% POTASSIUM BOROHYDRIDE

Distillation of NORCO 3 and 4 blend* with 1.25:<weight % KBH,

Vol. % Still Vapor Vacuum ASTM
Recovered Temp.,CF Temp. ,°C (Torr) Color
initial 410 75 A8
10 560 235 N 1.75
20 588 270 43 1.1
30 600 278 43 1.1
40 614 282 43 1.1
50 630 290 43 1.1
60 651 298 43 1.1
70 673 303 43 1.75

A semi-quantitive reductior of the lst sample was shown
by infra-red analysis.

* 56.2% No. 3 and 43.8% No. 4 by weight



Table 44, DOUBLE DISTILLATION WITH SODIUM BOROH¥DRIDE
TO IMPROVE COLOR

TREATMENT: 0.05% NaBH, added directly to distillation
flask with NORCO No. 3 and 4 blend

Vol. % Still Vapor Vacuum .
Recovered Temp.,°F Temp.,°C (Torr) ASTM Color
i0 575 268 55 1-3/4
20 600 280 55 1-3/4
30 628 295 55 1-3/4
40 638 305 55 1-3/4
50 648 325 55 1-3/4
60 668 335 55 2-3/4
70 695 340 55 2-3/4
80 740 335 55 4-3/4
85 750 - 55 _

TREATMENT: Redistillation of above cuts above 50%
with additional 0.05% NaBH4 (mixture color = 34)*

10 594 260 50 2-3/8
20 607 273 55 1-3/4
30 618 276 55 1-3/4
40 627 278 55 1-3/4
50 642 290 55 1-3/4
60 660 303 55 1-3/4
70 690 319 55 2-3/4
80 720 315 55 3-1/2
85 - - - -

* About 1/3 of charge was a cut from a previous
run with a 2-7/8 ASTM color
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Table 45. REDISTILLATION OF NORCO NO.

3 (LIGHT SIDE-

STREAM) CRANKCASE OIL DISTILLATE WITH 0.001%
SODIUM BOROHYDRIDE

TREATMENT: 0.0017 grams of NaBH4
NORCO No. 3 followed by distillation

Vol. %
Recovered

Initial
Boiling Point

10

20

30

40

50

60

70

added to 200 ml

Still Vapor Vacuum, ASTM
Temp. ,°F Temp.,°C Torr Color
370 75 82 -
523 180 80 1l 3/4
553 205 80 1 3/4
576 223 80 1 3/4
585 233 80 2 3/8
586 240 80 2 3/4
605 260 80 31/2
660 210 80 4 3/4
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Table 46, REDISTILLATION OF NORCO NO. 4 (HEAVY SIDESTREAM)
CRANKCASE OIL DISTILLATE WITH 0.00l% SODIUM

BOROHYDRIDE

TREATMENT: NONE

Vol. % Still Vapog Vacuum, AS?M

Recovered Temp.,%F Temp.,YC Torr Color
Initial

Boiling Point 494 90 60 -
10 543 220 65 2 3/4
20 558 230 65 2 3/4
30 575 243 65 2 3/4
40 588 250 65 31/2
50 613 255 65 31/2
60 645 250 65 4 1/8
70 688 230 65 4 3/4

TREATMENT: 0.0017 grams of NaBH, added to 200 ml.
NORCO No. 4 followed by distillation with
stirrer on and N, purge

Initial
Boiling Point 540 143 55 -

10 559 236 55 2 3/4
20 575 250 55 2 3/4
30 593 258 55 2 3/4
40 645 267 55 3

50 657 273 55 31/2
60 671 277 55 4 1/8
70 630 281 55 4 1/8
80 710 273 55 51/2
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Table 47.

TREATMENT :

Vol. %
Recovered

10
20
30
40
50
60
70

REDISTILLATION OF CRANKCASE OIL DISTILLATE
WITH 0.016% POTASSIUM BOROHYDRIDE AND 0.156%
ALUMINUM CHLORIDE

0.0272 grams of KBHy and 0.272 grams of
Al1Cl, added to blend of NORCO No.
followed by distillation with stirrer on

and N, purge

Still
Temp.,°F

510
546
570
590
613
638
650

Vapor
Temp.,°C

195
220
230
235
247
273
283

81

Vacuum,

Torr

49
50
50
51
45
43
43

3 and 4

ASTM
Color

3/4
3/4
3/4
3/8
3/8
3/4
3/4

NN N



Results obtained using a soluble water solution of 12
weight percent NaBH, in 40% NaOH solution were similar, but
substantial color improvement was indicated at treatments
as low as 0.0016 weight percent NaBHy {(Tables 48-54).
Again, no odor improvement was noted.

About 0.01 weight percent NaBH, seemed to be required
for color improvement when using an agent containing 5
weight percent NaBH4 in oil (Tables 5§-59). Odor was not
improved.

It was found that odor improvement was possible by
treating the distillate with hot water or potassium hydr-
oxide solution (Tables 60-63), but color was not improved.
Unfortunately, the odor reappears again after redistilla-
tion (Tables 62 and 63). This eccurred even when Solvent
150 Neutral was distilled.

A. single experiment with 0.016 weight percent lithium
aluminum hydride treatment showed little or no color or odor
improvement (Table 64), indicating little incentive to
pursue this approach.

The use of sodium aluminum diethyl dihydride (OMH-1)
not only improves color, but reduces odor to some extent,
probably by the elimination of carbonyl as noted by infrared.
(Tables 6€5%71). However, as previously indicated, odor
does return when the oils are reheated for distillation.

When treating distillation cuts with OMH-1 after sodium
borohydride treatment and distillation, all samples got
cloudy with precipitation of some black material (pyridine
odor) .

Several experiments with borohydride treatment of raw
crankcase o©il indicated some possibility of this .approach
being successful, but distillation would probably be neces=
‘sary to remove the darker color heavy cuts, even if centri-
‘fugation could be used to remove metals and sludge (Tables
72776} o

Laboratory prepared bottoms also showed some improve=

went in color when treated with potassium borohydride
(Table 77).
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The relatively low quantity of hydride reagents re-
quired to improve color and odor, and the mild conditions
used, suggest that the impurities are reactive and that
cayalytic hydrotreating could possibly be improved by the
development of more selective and active catalysts.



Table 48. EFFECT OF TEMPERATURE ON TREATMENT OF CRANKCASE
'~ OIL DISTILLATE WITH Q.12% SODIUM BOROHYDRIDE

TREATMENT: Blend of NORCO No. 3 and 4 treated with 1%
SWS (soluble water solution containing 12%
NaBH, in 40% NaOH water solution) at 180°F
for f hour followed by centrifugation at
32,000 G for 30 minutes. The supernatant
was distilled as follows.

Vol. % Still Vapor Vacuum
Recovered Temp.,°F Temp.,°C (Torr) ASTM Color

10 550 225 56 1-3/4

20 558 227 53 1-3/4

30 580 237 54 1-3/4

40 606 247 55 1-3/4

50 640 257 55 1-3/4

€0 675 265 55 2-3/8

70 688 283 55 2-3/4

80 738 250 55 4~-3/4

TREATMENT: 1% SWS added directly to distillation flask
with No. 3 and 4 blend.

10 545 187 55 1-1/8
20 550 232 55 1-1/8
30 560 237 55 1-1/8
40 584 247 55 1-1/8
50 615 255 55 1-1/8
60 660 260 55 1-1/8
70 688 270 55 1-3/4

g0 740 260 55 2-3/4
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Table 49. REDISTILLATION OF CRANKCASR OIL DISTILLATE WITH SODIUM
BOROHYDRIDE -~ EFFECT OF CONCENTRATION®

vol. % 8till Temperatura,OF Vapor Temperature ,C
Recovered . . ; . . S Y1 LR Y1) g LY R UL TN
b-11:3 578 550 585 578 385 I10 FLY] 750 2q7 260 57
20 602 590 590 595 600 610 276 260 260 267 268 263
30 618 608 610 §08 618 615 278 265 265 270 275 265
40 630 620 630 621 630 625 280 270 268 272 285 270
50 634 6139 648 665 650 650 2813 272 270 282 287 258
60 660 648 665 675 662 660 285 275 275 288 290 278
70 678 €98 685 685 688 670 287 285 280 290 292 284
80 704 740 715 710 s 702 287 280 283 292 292 285
90 765 - 760 770 - 739 295 - 280 288 - 268
Vacuum, Torr ASTM Color
10 50 T§ 60 L1 55 55 2 4 (.
20 55 60 60 55 55 §5 2 3/4 2 3/8 1 /4 13/4 13/4 1 1/8
30 55 60 60 55 $5 55 2 3/4 2 3/8 1 3/4 13/4 13/4 11/8
40 55 60 60 55 55 55 2 3/4 2 3/8 1 3/4 13/4 13/4 11/8
50 5% 60 60 55 55 55 2 3/4 2 3/80 2 3/4 13/4 123/4 1 1/8
60 55 €0 60 5% 55 55 2 3/4 2 3/4% 2 3,4 2 3/8 23/8 11/8
70 55 €0 60 55 55 55 31/2 2 3/4 2 3/4 2 3/4 2 3/8 1 3/4
80 3] 60 60 55 5% 5¢ 4 1/4 3172 3 172 31/2 31/2 1 3/4
90 55 60 60 55 55 53 6 1/3 -~ 6 1/2 - - -

* Blend of NORCO No. ) and & treated with 0, 0,0008, 0.0016, 0.012, 3.024, or G.07)1
NaBH, as a 12%NaBH,/45%Naol water solution.

+ After this cut an sdditional 0.0008%NaBH, added (vacuum broken).

Table 50. REDISTILLATION OF CRANKCASE OIL DISTILLATE
WITH 0.012% SODIUM BOROHYDRIDE AFTER WASHING
WITH POTASSIUM HYDROXIDE

TREATMENT: Wash 200 ml. of NORCO No. 3 and 4 blend
with 5 vol.% of 10 wt.% KOH solution,
centrifuge at 3000 G for 30 min. Add
0.175 grams of 12% NaBH4/40% NaOH water
solution and distill.

% Still Vapor Vacuum, ASTM

Recovered Temp.,°F Temp.,°C Torr Color
Initial

Boiling Point 430 60 60 -
190 540 232 60 1 3/4
20 557 250 60 11/8
30 365 260 60 11/8
40 585 265 60 11/8
50 597 270 60 11/8
60 610 275 60 1 3/4
70 632 278 60 2 3/8
80 685 290 60 z 3/4
90 760 250 60 5 3/4
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Table 51. PRETREATMENT OF CRANKCASE OIL DISTILLATE
WITH 10% H,SO; PRIOR TO 0.024% BOROHYDRIDE

TREATMENT

TREATMENT: Wash 200 ml. of blend of NORCO No. 3 and 4 with
5 vol. % of 10 wt. % HySO4, centrifuge at 3000 G
for 30 min., and repeat. 2Add 0.024 wt. % NaBH4*
and redistill.

Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp. ,°C Torr ASTM Color
Initial 45¢ 58 55 -

10 545 245 55 1 3/4

20 568 260 55 11/8

30 585 270 55 11/8

40 602 280 55 11/8

50 615 285 55 l1l/8

60 630 288 55 1 3/4

70 643 292 55 1 3/4

80 €70 300 55 1 3/4

90 710 313 55 31/2

No improvement in oder noted.

* As 12 wt. % NaBHy in 40 wt. % NaCOH water solution.
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Table 52. PRETREATMENT OF CRANKCASE OIL DISTILLATE
WITH 5% KOH FOLLOWED BY 10% HZSO4 PRIOR TO
0.012% BOROHYDRIDE TREATMENT

TREATMENT: Wash 200 ml. of blend of NORCO No. 3 and 4 twice
with 10 vol. 8 of 5 wt. % KOH and then twice
with 5 vol. % of 10 wt. % Hy804. Add 0.012 wt.
% NaBH4* and redistill.

Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp. ,°C Torr ASTM Color
Initial 480 190 55 -

10 558 260 55 l11/8

20 576 275 55 l11/8

30 591 285 55 11/8

40 606 288 55 1 3/4

50 620 230 55 1 3/4

60 627 295 55 1 3/4

70 646 296 55 1 3/4

80 660 298 55 2 3/4

90 706 305 55 3 1/2

No improvement in odor noted.

* As 12 wt. % NaBH4 in 40 wt. % NaOH water solution.
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Table 33;

Pretreatment:

Vol. %
Recovered
10
20
30
40
50
60
70
80
90

REDISTILLATION OF CRANKCASE OIL DISTILLATE WITH
0.0012% SCRIUM BOROHYDRIDE*

Add 16.5 grams stainless metal sponge to 200 ml oil.
None
C.1) Heat o0il to 400°F with agitation
2} Add borohydride
3) Hold at 400°F for 6 minutes
4) Quench flask
) Centrifuge €@ 31,000 G for 30 minutes
Still Vapor Vacuum,
Temp. ,°F Temp. ,°C Torr ASTM Color
A B C A B C A B _C A B C
550 570 217 250 223 65 60 55 1 374 1 374 1 374
552 590 588 238 260 238 65 60 55 13/4 13/4 1 3/4
570 610 600 243 265 240 65 60 55 2 3/8 1 3/4 1 3/4
59 630 633 250 268 244 65 60 55 2 3/8 1 3/4 2 3/8
618 6482 662 255 270 246 65 60 55 2 3/8 2 3/4 2 3/4
643 665 686 262 285 249 65 60 55 2 3/4 2 3/4 3 1/2
674 685 710 270 280 230 65 60 55 2 3/4 2 3/4 -~
705 715 - 273 283 - 65 60 55 31/2 3 1/2 ==
750 760 - 270 280 - 65 60 55 6 1/2 6 1/2 --

* Blend of NORCO No.
12%NaBH,/40%NaOH water solution.

3 and 4 treated with 0.01%
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Table

SODIUM BOROHYDRIDE ¥

Pretreatment: A. Non

e

B. Digestion at 150°F for 1 hour.

C. Digestion at 300°F for 1 hour followed by
centrifugation at 32,000 G for 30 minutes.

54. REDISTILLATION OF CRANKCASE OIL DISTILLATE WITH 0.012%

Vol. % Still Vapor Vacuum,
Recovered Temp. ,°F Temp. ,°C Torr ASTM Color

A B C A B C A B C A B c
10 565 565 590 247 T235 “250 55 55 85 1 3/4 T 3/4 -
20 595 590 608 267 265 280 55 55 80 13/4 1 3/4 1 3/4
30 608 603 615 270 270 265 55 55 80 1 3/4 1 3/4 1 3/4
40 621 618 630 272 280 270 55 55 80 1 3/4 2 3/8 1 3/4
50 665 635 660 282 285 280 55 55 80 1 3/4 2 3/8 1 3/4
50 675 665 686 288 287 290 55 55 80 2 3/8 2 3/4 2 3/4
70 685 690 704 290 290 294 55 55 80 2 3/4 31/2 2 3/4
80 710 730 734 292 305 298 55 55 80 3 1/2 4 1/8 3 1/2
a0 770 - 760 288 - 290 55 - 80 -- - -

* Blend of NORCO No. 3 and 4 treated with 0.1%
12%NaBH4/40%NaOH water solution.
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Table 55. REDISTILLATION OF CRANKCASE OIL DISTILLATE WITH AN OIL/SODIUM
BOROHYDRIDE MIXTURE*

TREATMENT: Blend of HCRCO No. 3 and 4 charged to vacuum distillation
with Borex.® Three tests equivalent to 0.005, 0.01, and
0.03 weight precent NaBH,.

% A Still Temp., °OF Vapor Temp., °C

Recovered 0.061 ¢.005 6,01 0.02 0.03 0.001 0.005 0.01 0.02 0.03
10 504 538 553 584 582 197 137 7230 260 255
20 558 564 580 602 600 235 262 255 270 270
30 580 580 600 618 614 253 270 267z 275 275
40 607 595 615 625 628 260 273 275 280 280
50 646 €10 632 646 638 267 280 278 283 285
60 660 637 652 667 663 275 282 282 285 287
70 690 660 700 686 685 288 285 288 287 290
80 715 690 740 716 715 292 287 285 297 295
90 - 747 - 760 760+ - 270 - 270 270
% Vacuum, ASTM Color

Recovered Torr 0.001 0.005 0.01 0.02 0.03
10 60 31/2 2 3/8 1 3/4 2 3/8 1 3/4
20 60 2 3/4 1 3/4 13/4 2 3/8 1 3/4
30 60 2 3/4 1 3/4 13/4 2 3/8 1 3/4
40 60 2 3/4 2 3/8 2 3/8 2 3/8 1 3/4
50 60 2 3/4 2 3/8 2 3/4 2 3/8 1 3/4
60 60 2 3/4 2 3/4 2 3/4 2 3/4 1 3/4
70 60 31/2 3 1/2 31/2 2 3/4 2 3/4
80 60 4 1/8 31/2 4 3/4 2 3/4 3 1/2
90 60 - 5 3/4 - - 4 3/4

* Blend of NORCO No. 3 and 4 treated with 0.001, 0.005, 0.01, 0.02, and
0.03 wt.% NaBH, approximately 5 wt.% NaBH, in "Bayol 385" oil known
as Borex (Ventron Corporation).
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Table 56. REDISTILLATION QF CRANKCASE QIL DISTILLATE WITH SODIUM

BOROHYDRIDE*

Vol. % Still Temwp. ,°F Vapor Temp.,°C Vacuun ASTM Colorx
Recovered 0.011 " 0.02% 0,024 Q. .02+t Q.024 Torr 0.011 0Q.02%t 0.024
Initial 440 450 425 150 58 40 55 - - -

10 510 545 535 215 235 225 55 1-3/4 1-3/4 1-3/4

20 532 560 560 250 260 253 55 1-3/4 1-3/4 1-3/4

30 555 570 570 257 265 258 55 2-3/8 1-3/4 1-3/4

40 570 580 583 265 268 260 55 2-3/8 1-3/4 1-3/4

50 590 600 590 270 270 262 55 2-3/8 1«3/4 1-3/4

60 607 618 598 275 274 264 55 2-3/8 2-3/8 1-3/4

70 645 657 605 280 273 268 55 3-1/2 3-1/2 2-3/4

80 668 700 650 285 268 255 55 3-1/2 4-3/4 3-1/2

90 750+ - - 175 - - 55 5-3/4 - -

* Borex - 5 wt. % NaBH, in oil. Subheadings represent percent by
weight NaBH, treatment.
*+ 0.0)% added initially and 0.01% added after the 40% cut was taken.



Table 57. REDISTILLATION OF CRANKCASE OIL DISTILLATE
WITH 0.049% SODIUM BOROHYDRIDE*

Vol.% Still vVapor Vacuunm
Recovered Temp. ,°F Temg,,oc Torr ASTM Color
Initial 500 135 55 -

10 553 255 55 2 3/4

20 570 275 55 1 3/4

30 587 280 55 1l 3/4

40 600 290 55 1l 3/4

50 608 295 55 1 3/4

60 618 297 55 1 3/4

70 642 299 55 2 3/4

80 676 290 55 3 1/2

* Borex-5 wt. % NaBH4 in oil
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Table 58.

TREATMENT OF CRANKCASE OIL DISTILLATE
WITH 0.01 WT., $ SODIUM BOROHYDRIDE AT
600°F FOR SIX MINUTES

TREATMENT: Mixture of NORCO No. 3 and 4 distillate heated
to 600°F, 0.01 wt. % NaBH, added,* mixture
held at 600°F for 6 minutes, mixture quenched
and then centrifuged at 31,000 G for 30 minutes
tc remove NaBHy from further reaction. Mixture
then distilled.
Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp . ,°C Torr ASTM Colorx
10 570 222 55 1 3/4
20 580 238 55 1l 3/4
30 600 240 55 1 3/4
40 633 244 55 2 3/4
50 662 246 55 2 3/8
60 686 249 55 2 3/4
70t 710 230 55 3 1/2

* As Borex

{5% NaBHy in oil).

* Another 17% recovered in cold trap.
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Table 59. REDISTILLATION OF CRANKCASE OIL DISTILLATE. "
WITH 0.02% SODIUM BOROHYDRIDE AFTER WASHING

WITH POTASSIUM HYDROXIDE

TREATMENT: Wash 200 ml. blend of NORCO No. 3 and 4 with
200 ml. of 50% KOH solution and centrifuge .
at 3000 G for 30 minutes. Add 0.7 grams of
Borex (5% NaBH4 in o0il).

% Still Vapor Vacuum, ASTM .
Recovered Temp. ,°F Temp.,oc Torr Color
Initial “
Boiling Point 450 70 60 -
10 560 230 60 1 3/4
20 580 245 60 1l 3/4
30 598 255 60 1 3/4
40 610 257 60 1 3/4
50 625 260 60 1 3/4
60 614 262 60 1 3/4
70 678 263 60 1 3/4
80 700 275 60 2 3/4
990 720 260 60 4 1/4
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Table 60. * DEODORIZATION OF NORCO BLENDED DISTILLATE
WITH HOT WATER

TREATMENT: 150 ml. of NORCO No, 3 and 4 sidestream blend

treated with 150 ml. of water at 200°F for
1C¢ min.

RESULT: The odor in the o0il phase was diminished,
but not altogether gone. An odor appeared
in the water phase. Phenol in water phase
about 10 ppm.

Table €1. DEODORIZING CRANKCASE OIL DISTILLATE

Charge: 2nd 20 ml. cut (out of 200 ml. total)
after 0.08% KBHg treat with distillation

Charcoal

150°F ¢reatment -- some improvement but basic
odor still present.

30% KOH

3 washes with 1 volume oil/volume KOH soliition --
odor disappesared but o0il cloudy after 20 hours
standing.

10% NaHCOj

1 wash with 1 volume cil/volume NaHCO3solution --
no odor improvement {cresylic-phenol type odor
picked up)
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Table 62, DEQRDORIZATION OF NORCO BLENDED DISTILLATE
WITH 10% KOH PRTOR TO BOROHYDRIDE TREATMENT

TREATMENT: Blend of NORCO No. 3 and 4 sidestream blend
treated twice with 5 vol. % of a 10 wt. % KOH
solution followed by centrifugation at

3000 G for 30 min.

RESULT: Odor removed. Water fraction contained odor.

TREATMENT: Redistillation of o0il after KOH treatment with
0.012 % sodium borchydride (0.1 wt. % of
12 wt. % NaBH, in 40 wt. % agueous sodium
hydroxide solution).

Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp.,°C Torr ASTM Celor
initial 430 60 60 -
10 540 233 60 1 3/4
20 557 250 60 11/8
30 565 260 60 11/8
40 585 265 60 11/8
50 597 270 60 l11/8
60 610 275 60 1 3/4
70 632 278 60 2 3/8
80 685 290 60 2 3/4
90 760 250 60 5 3/4

Odor reappears after distillation.
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Table 63. ODOR REAPPEARANCE AFTER REDISTILLATION OF
DEODORIZED/DECOLORIZED CRANKCASE OIL DISTILLATE

Charge: 30, 40, and 50% fractions of NORCO No. 3 and 4
blend redistilled with 0.016 wt.% sodium boro-
hydride (ASTM color of 2 3/8 for each fraction).
Typical crankcase oil distillate odor.

Treatment: Wash oil twice with 5 vol.% of 10 Wt.% KOH,
centrifuge at 3000 G for 30 minutes, and

distill.*
% Still Vapor Vacuum, ASTM
Recovered Temp. ,°F Temp . ,°C Torr Color
Initial
Boiling Point 450 80 60 -
10 525 225 60 11/8
20 538 247 60 11/8
30 548 255 60 l11/8
40 558 260 60 11/8
50 574 265 60 11/8
60 592 270 60 l11/8
70 622 273 60 1l 3/4
80 640 278 60 2 3/8
90 710 220 60 4 1/4

* Odor removed by KOH treatment, but reappears after
distillation.
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Table 64. REDISTILLATION OF CRANKCASE OIL DISTILLATE
WITH 0.016% LITHIUM ALUMINUM HYDRIDE ‘

TREATMENT: 0.0272 grams of LiAlH, stirred with 200 ml.
NORCO No. 3 and 4 blend for 1 hour followed
by distillation with stirrer on and N, purge.

Vol. % St+ill Vapor Vacuum, ASTM
Recovered Temp. ,°F Temp.,°C Torr Color
10 507 200 57 2 3/4
20 535 215 57 2 3/8
30 548 230 57 2 3/8
40 563 237 57 2 3/8
50 567 238 57 2 3/4
60 590 240 57 2 3/4
70 615 215 57 3 1/2
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Table 65. REDISTILLATION OF CRANKCASE OIL
DISTILLATE WITH 0.,26% OMH-1*

Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp. ,°C Torr ASTM Color
Initial 490 65 55 -
10 558 247 55 1-1/8
20 575 265 55 1-1/8
30 593 270 55 1-1/8
40 605 273 55 1-1/8
5C 618 277 55 1-3/4
60 635 280 55 1-3/4
70 650 282 55 1-3/4
80 655 284 55 2~-3/4
90 695 280 55 4-3/4

* 0,26 wt.% OMH-1 as 26.3 wt.% OMH~1 (sodium aluminum
diethyl dihydride) in toluene (containing 3-4%
tetrahydrofuran) .
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Table 66. REDISTILLATION OF CRANKCASE OIL
DISTILLATE WITH OMH-1*

Vol. % Still Vapor. Vacuum

Recovered Temp. ,°F Temp.,°C Torr ASTM Color

Initial 480 160 55 -
10 522 210 55 2-37%
20 550 235 55 1-3/4
30% 573 243 55 1-3/4
40 605 253 55 1-3/4
50% 620 258 55 1-3/4
60 638 259 55 1-3/4
70* 648 268 55 1-3/4
80 665 270 55 3=1/2
90 700 265 55 -

* 0,065 wt.T OMH-1 as 26.3 wt.% OMH-1 (sodium aluminum
diethyl dihydride) in tolwuene (containing 3-4%
tetrahydrofuran) added after each of the indicated cuts.

Table 67. REDISTILLATION OF CRANKCASE OIL DISTILLATE APTER
PRETREATNENT WITH -OMH«1*

Vol. & suu 'rerng I Egi % ! Vacuum' ASTM Color

Recoversd U.db dorr . s . . . .

Initial 420 460 &8 3520 42% 40 45 145 198 (2] L3 - - - - -
10 520 §52 8258 534 327 210 248 10 253 230 35 1-3/4 1-3/¢ 1-3/4 ie3/4 1-3/4
20 536 572 542 570 £40 228 263 230 263 249 9 1-3/4 1-1/4 1-3/4. 1-3/4 1-3/4
30 358 588 S68 386 563 210 273 242 280 260 11 1-3/8  1-3/4 1-3/4  1-3/4 1-¥/4
40 55% $95. 92 590 578 23% 230 248 290 261 L3 2-3/8 1-3/4 1-3/4 1-3/4 1-3/4
50 876 604 €20 61S 5939 243 202 %0 293 267 33 2-3/8 1-3/4 2-3/8 1=3/4 1-)/4
(1 598 (213 633 637 614 250 280 257 293 270 3s 2-3/4 1~3/74 2-3/4% 2-)/8 1-3/4
kL] €35 640 672 644 a4 253 278 266 282 280 58 3-1/73 2~/ 3-)/2 2-3/4  2-3/4
8¢ 680 578 6es 675 580 ase 276 60 293 198 55 4174 3-1/2 4=1/4 =1/2 =172
20 - 718 - 700+ - -~ 230 - 280 - L] - 4=3/4 - $=3/4 -

© 3¢.3 wh. & OMH:]1 (sodium aluminum diethyl: dthydudl) in tol\mno
(containing 3I~4V tetxahvdrafuxan). t
by wveight OMH-1 treatment:
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Table 68.

Vol. %

Recovered

Initial
10
20
30
40
50
60
70
80

20

REDISTILLATTON OF CRANKCASE OIL DISTILLATE WITH

0.13 WEIGHT PERCENT OMH-1%*

Vacuum
Still Temp.,°F Vapor Temp.,°C Torr
i3 T & T 7 om
430 555 140 120 85 55
546 572 225 235 95 55
575 598 255 254 95 55
580 602 265 258 95 55
590 606 268 262 g5 &5
598 633 278 270 95 55
600 635 278 280 95 55
615 650 278 280 95 55
620 680 280 283 95 55
680 700+ 290 275 95 S5

ASTM Color

¥z

1-3/4
1-3/4
1-3/4
2-3/8
2-3/8
2-3/4
3-1/2
3-1/2
6-1/2

* As 26.3 wt.% OMH-1 (sodium aluminum diethyl dihydride) in tolvene
3 and 4 distillates

(containing 3-4% tetrahydrofuran).
from run on Jan.

23,

1974.

NORCO No.
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Table 9. REDISTILLATION OF NORCO NO. 3 AND 4 BLEND (50-50 BY VOLUME)
FROM JANUARY 23, 1974 OPERATION WITH OMH-1

Vacuum
Vol. % Still Temp.,°F Vapor Temp.,°C Torr . ASTM Color
Recovered A B A - B A B A B
Initial 480 560 130 120 75 55 - -
10 548 540 225 243 75 55 1-3/4 1-3/4
20 560 558 247 255 55 55 1-3/4 1-3/4
30 566 570 255 260 55 55 1-3/4 1-3/4
40 575 588 257 270 55 55 1-3/4 1-3/4
50 584 595 257 272 55 55 1-3/4 1-3/4
60 595 613 260 278 55 55 3-3/4 1-3/4
70 596 634 260 282 55 55 2-3/4 2-3/8
80 630 690 262 288 55 55 3-1/2 3-1/2
90 €70 265 - 55 55 5-3/4 -

A = 0.13 weight % OMH-1
added to blend before distillation.

o
i

Cuts from A reblended (ASTM Color = 2-3/4) and then
redistilled (no added OMH-1)
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Table 70.

REDISTILLATION OF CRANKCASE OIIL
PLUS OMH-1 TREATMENT

-0.01 wt.

% NaBHy

DISTILLATE WITH BOROHYDRIDE
(as 12 wt.

% NaBHy in

40 wt. % NaOH water solution) added prior to distillation
in each case

Vol. %
Recovered Still Temp.,OF Vapor Temp.,°C ASTM Color
% OMH-1 - - - 0.13% - - - 0.13* - - 0.13
Initial 440 430 420 540 105 90 90 60 - - - -

% OMH-1 - - - - - - - - - - - -

10 538 530 540 588 218 210 235 215 1-3/4 1-3/4 1-3/4 -
% OMH-1 - - - - - - - - - - - -

20 562 543 562 610 232 248 247 267 1-3/4 1-3/4 1-3/4 1-3/4
% OMH-1 - 0.078 - - - 0.078 - - - 0.078 - -

30 572 560 572 614 240 247 247 280 1-3/4 1-3/4 1-3/4 1-3/4
% OMH-1 - - - - - - - - - - - -

40 578 562 585 626 235 248 250 275 1-3/4 1-3/4 1-3/4 1-3/4
% OMH-1 0.052 - - - 0.052 - - - 0.052 - - -

50 570 571 600 635 230 247 255 280 1-3/4 1-3/4 1-3/4 1-3/4

60 580 588 627 644 233 246 260 282 1-3/4 2-3/8 1-3/4 1-3/4
$ OMH-1 - - - - - - - - - - - -

70 615 625 660 660 227 245 270 284 2-3/4 3-1/2 3-1/2 2-3/4
$ OMH-1 - - - - - - - - - - - -

80 685 687 718 700 240 247 260 285 3-1/2 5-3/4 4-3/4 3-1/2
* Vacuum = 85 Torr. 55 Torr in other experiments.



Table 71. REDISTILLATION OF CRANKCASE DISTILLATE
HEAVY CUTS FROM PREVIOUS BOROHYDRIDE PLUS
OMH-1 EXPERIMENTS WITH 0,01% SODIUM
BOROHYDRIDE AND 0.13% OMH-1

FEED: 60, 70, and 80 volume percent cuts from previous
experiments. ASTM color of cuts ranged from
2-1/2 to 4-1/2.

REAGENTS: 0.0l wt.% NaBH,; as 12 wt.% NaBH4 in 40 wt.%
NaOH water solution plus 0.13 wt.% OMH-~1 as
26.3 wt.% OMH-1 (sodium aluminum diethyl
dihydride) in toluene (containing 3-4%
tetrahydrofuran) .

Vol. % Still Vapor Vacuum
Recovered Temp. ,°F Temp.,°C Torrx ASTM Color
Initial 510 90 55 -
10 565 235 55 1-3/4
20 575 245 55 1-1/8
30 580 250 55 1-1/8
40 588 252 55 1-1/8
50 600 257 55 1-1/8
60 615 260 55 1-1/8
70 638 278 55 1-1/8
80 662 283 55 3-3/4
90 700 250 55 3-1/2
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Table 72, DISPILLATION OF RAW CRANKCASE OIL WITH 0.005%
. SQPIUM BOROHYDRIDE AFTER WASHING WITH POEASSIUM
HYDROXIDE

TREATMENT: Wash 200 ml. of raw crankcase oil with 10 vol. %
of 5 wt. % KOH sozwution twice,
and centrifuge at 3000 G for 30 minutes.

Add 0.175 grams of Borex (5% NaBH4 in oil).
% Still Vapor Vacuum, ASTM
Recovered Temp . ,°F Temp.,°C Torr Color
Initial
Boiling Point 420 45 70
10 54€ 130 70 *
20 618 255 60 -
30 622 260 €60 2 3/4
40 638 270 60 2 3/8
50 655 275 60 2 3/4
60 680 2717 60 31/
70 712 282 60 -
80 745 273 60 -

* First cut ~ 1l0ce oil + 1l0cc water
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Table 73,

THREATMENT OF RAW CRANKCASE OQOIL WITH 1Q% KOH AND DISTILLATION
WITH 0.012 % SODIUM BOROHYDRIDE

TREATMENT: Raw crankcars 0il was treated twice with 5 vol. & of
10 wt, % KOk solution, centrifuged, and then distilled
with 0.012 wt. % NaBH, (12 wt. % NaBH, in
40 wt. % aqucous scodium hydroxide solution).
Vol. §& Vapor Temp.,°C Vacuum ASTM Color
Racoversed Iﬁ,gﬁﬁG 32,000G Torr ' ,000G
Initial 20 110 60 - -
10 165 220 60 - -
20 245%* 255 60 2 3/8%* 2 3/8
30 260 265 60 2 3/8 2 3/8
40 265 273 60 2 3/4 3172 .
50 268 278 60 31/2 4 1/4
60 269 282 60 4 1/4 4 1/4
70 269 288 60 4 3/4 4 3/4
80 255 288 60 - -

* Cut contained 40% H,O

2



Table 74. DISTILLATION OF RAW CRANKCASE OIL TREATED
WITH 0.24 AND 0.36% POTASSIUM BOROHYDRIDE¥*

% Still Vapor Vacuum, ASTM
Recovered Temp. ,°F Temp . ,°C Torr Color
0.24 0.36 0.24 0.36 0.24 0.36 0.24 0.36
10 558 560 213 220 50 53 2 573 2 571
20 585 590 240 245 50 58 2 3/4 1 3/4
30 605 600 247 260 50 58 2 3/4 1 3/4
40 630 618 253 255 50 58 4 1/4 1 3/4
g0 655 663 256 255 50 57 4 3/4 2 3/4
60 677 €95 258 260 50 57 - 4 1/4
70 670 710 255 280 50 57 - 5 5/8
80 695 - 240 275 50 57 - -

* In 12% KBH4/4O% KOH water solution.
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Table 73

DISTILLATION OF RAYW CRANKCASE OIL PRETREATED WITH Q,24%
SODIUM BOROHYDRIDE

Pretreatment: 2 wt. % soluble water solution of NaBH4* at 2Q0°F for 1 hour
followed hy centrifugation at 32,000 G for 30 minutes

Vol. % . : )

Recovered?  3ti)l Temp.,°F Vapor Temp.,°C Vacuum (Torr] ASTM Color
10 550G (558) 225 (214) 50 1-3/4 (2-3/4)
20 566 (585) 235 (240) 50 1-3/4 (2-3/4)
30 600 (&£05) 243 (247) 50 1-3/4 (2-3/4)
40 620 (630) 245 (253) 50 2-3/8 (4-1/4)
50 652 (655} 264 (256) 50 3-1/2 (4-3/4)
§0 673 (877) 270 (258) 50 3-1/2 =~
70 698 (670) 275 (255) 50 4-3/4 -~
75 720 - 270 - 50 - ~
80 - (695} - 240 50 - ~

* 12% NaBH, in 40% agqueous sodium hydroxide solution

+ First 5% recovered was water

Numbers in parentheses are for duplicate run with
no preheating and no centrifugation



Table 76.
EFFECT OF PRETREATMENT

Pretreatment Methods A. None (KBH, added to still),

4

TREATMENT OF RAW CRANKCASE OIL WITH 0.36% POTASSIUM BOROHYDRIDE*--

B. Centrifuged 15 minutes at 32,000 G. Then added KBH‘.

C. Centrifuged 15 minutes at 10,000G. Then added KBH4.

D. Heat treatmen: at 200°F for 1 hour. Centrifuged at

32,000 G for 30 minutes. Decanted oil and added 0.18%

KBH,, RAdditional 0.18% KBH, added graduvally during
diséillation.
pistillation Resualts
[ still Vapor
Recovered Temperature,°F Temperature ,©C Vacuum, Torr ASTM Color
A B C D A B C b A B [+] D A B D
10 5¢0 510 550 BV5 370 T80 00 ZI5 58 57 B7 55 T 374 T 374 T 37%
20 590 540 563 600 245 176 220 223 58 55 55 55 13/4 13/4 13/4 11/8
30 660 550 575 615 260 194 228 235 58 55 58 S5 13/4 13/4 1 3/4 --
40 618 604 610 645 255 200 235 240 57 55 58 55 1 3/4 13/4 1 3/4 --
50 663 648 650 668 260 243 240 240 57 55 58 55 2 3/4 13/4 23/8 -~
6n 695 683 705 695 2zBG 250 260 240 S7 55 58 55 4 1/4 2 3/4 4 1/4 ==
70 710 695 730 718 275 254 258 235 37 55 S8 55 55/8 31/2 6 1/2 --
80 760 - - 210 - - 55 =~ - - 6 3/4 -- -

* In 12% KBH4/40% KOH water solution.



Table 77, REDISTILLATION OF CRANKCASE OIL BOTTOMS

WITH POTASSIUM BOROHYDRIDE

Charge: 600 ml. of raw crankcase oil after
centrifugation at 32,000 G for 30 minutes

Still0 Vapog

Vol. Recovered Temp, - F Temp, C
initial boiling point EEU EE
5 ml. 359 67
10 410 88
20 443 106
3C 476 144
40 486 144
50 518 194
60 530 224

70 end of distillation

Bottoms recovered and 200 ml plus 4.40 grams
of potassium borohydride charged to vacuum.

distillation

Vacuum ASTM

mm - H Color

initial boiling point 420 60 Tl.g -

20 ml 572 180 11.0 4 7/8
40 €66 210 11.0 4 1/8
60 640* 175* 9.0 4 7/8
80 €60 217 5.7 4 7/8
100 690 275 5.3 4 1/8
120 725 253 5.7 4 7/8
140 750 285 5.7 5 3/4

LA

Restarted after problems with vacuum pump

1190



DIESEL FUEL TESTS

The following results were obtained from a diesel
engine truck test using NORCO No. 3 distillate:

Ratio NORCO #3 Total Gals. Miles Per
Test to Reg., Diesel Used Gallon
1 50/50 137 4.0
2 75/25 103 6.0
3 100/0 134 6.2

No foreign matter or varnish was detected in the fuél filter
system. However,; traces of black smoke were emitted from
the exhaust pipe and a very objectionable odor was nocted.

In a test with a second trucking company, 3 diesel
trucks used NORCO #3 as a fuel for distances up to 500 miles.
Engine inspections after the tests showed some tar deposi-
tion. Black smoke was noted intermittently in these tests,
especially on very short runs.

It was concluded that light distillate recovered from
crankcase waste o0il can be used as a diesel fuel, but that
further treatment of the distillate is necessary. A lengthy
laboratory and field testing program would be necessary to
develop this market. A diesel test report is provided in
Appendix F.

It should be noted that there is apparently no tax
incentive for converting waste lubricating oil to diesel
fuel, based on the following quotation from the Internal
Revenue Regulations, Regulation Section 48.4091-2(b) (2):

"For purposes of the tax imposed under Sec. 4091,

the term "manufacturer" does not include: (i) any
person who merely blends or mixes two or more

taxable oils, (ii) any person who merely cleans,
renovates, or refines used or waste lubricating oil,

or (iii) any person who merely blends or mixes one

cr more taxable oils with used or waste lubricating

oil which has been cleaned, renovated, or refined,...."
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SECTION VI

DESIGN AND ECONOMIC STUDIES

The design and economic studies reported here were
undertaken to help guide research and planning aimed at
the development of a process or processes for conversion
of waste oils to useful prodygts, while eliminating or
minimizing waste products whiich contribute to environ-
mental pollution. In NORCO'8 previous work, it had been
shown that vacuum distillation could be used to convert
crankcase waste oil to naphtha, useful as a fuel; to dis-
tillates, potentially useful as lube stock, but suffering
from stability, color, and odor problems; and a bottoms
fraction with questionable application.'®

In the present work reported in Sections IV and V,
it was shown that the distillates could be upgraded by
catalytic hydrogen treatment and that the bottoms could be
used in secondary lead smelting, thus technically meeting
the objective of producing useful products without simul-
taneously producing wastes. At the same time,it was
shown that vacuum distillation could be used to upgrade a
broad spectrum of waste oils, especially those contaminated
with water. The following information verifies that these
technical innovations are economically feasible.

PROCESS SCREENING STUDIES

The analysis of process options open to NORCO was com-
plicated by the availability to NORCO of used vacuum dis-
tillation and catalytic hydrotreating equipment from Exxon's
Bayonne facilities. This equipment, which had been used in
waxX processing service, has a nominal capacity of about 3500
barrels per stream day. Therefore, the screening studies,
provided in Appendix J, consider both relocating the Exxon
equipment and kuilding a grass roots glant. The results
can be summarized as shown on Table 78.

It was concluded from this study that:

1, There is a strong economic incentive to develop
processes for refining crankcase oil to produce
saleable lube oils, when there is a spread on
the ordexr of 13¢/gal. between crankcase oil and
lube oil.
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Table 78, SCREENING STUDY ECONOMICS

Pre-Treat. =  —=——ceeaaa- None~=—=———ccomwmama—. Solvent
Post-Treat, ===——=-- Hydrogen-=—=——cmerem e e e e e
Equip. Zxxon Exxon New Exxon
Feed, 10°

gals/yr. 9 29 29 34.8
Invest.

$10° 0.49 1.12 3.05 1.77
Profit

$/yr. 0.129 1.57 1.49 2,19
Return, %/yr.

before tax 26 140 4% 124

Notes: L. Crankcase waste oil at 3¢/gal.
2. Lube product at 16¢/gal.
3. Study date - January 1973
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2. Investments and operating costs projected for
vacuum distillation and hydrotreating can easily
be justified if they can produce 60% or greater
yield of lube oil.

3. Additional investment for solvent pretreatment
can be justified, if yield of lube oil is
improved.

4. Based on knowhow available from the petroleum
refining industry, the prognosis for technical
and economic success of a vacuum distillation/
catalytic hydrotreating process is highly
favorable,

Later studies (June 1973) showed that either rxelocation
of the Exxon equipment or a grass roots (new) plant pro-
cessing about 29 million gallons per year of crankcase waste
0il and/or other waste oils is a potentially profitable ven-
ture (Tables 79«B2)«

A subsequent study showed that the vacuum distillation/
catalytic hydrogen treatment process compared favorably with
other re-refining processes in a % million gallon per year
plant producing lube blending stocks.®’*® Of the processes
available, only the hydrotreating approach produces no waste
products (Table B3). -

The prin@ipal economic problem encountered today in any
re~-refining operation is competition for feedstock with in-
discriminate use as a fuel or for road oiling, both of which
contribute to environmental pollution. One solution to this
problem is governmental regulations to control the burning
of waste oils which have high metals contents (including all
automotive crankcase waste oils, many of which contain more
than 1% lead). Another important aid is the development of
superior re-refining technology (e.g., hydrotreating) in
large plants,which is sufficiently attractive at current
(1975) lube stock prices (40-60 cents per gallon) to allow
at least 10-15 cents per galleon payment to collectors for
the waste ¢oil (or which provides an incentive for collection
by the re-refiner).
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CASE

Feed, MMGPY

Crankcase Oil
Fuel 0il -
10% BS&W

Vac. Fract.

B/SD
Hrs/Yr.

Hydrotreat.

B/SD
Hrs/Yr.

Incremantal
Investment, $M
Exxon £quip.
New Vac. Dist.
New Hydrotreating

New Hy Plant
Other

CASE

Feed, MMGPY

Crankcase Oil

Fuel Oil

Table 79.

CASE DESCRIPTIONS

Bet Products, MMGPY

Lube Qi1
Light Cuts
Pb £ludge
Fuel Oil

PU‘I}ilé)\SE EXXON MONOPHINER -+ GRASS ROOTS PLANTS
T VACUUM FRACTIONATOR L
I Z 3 4 ] 6 7 8
9.0 14.5 29.0 9.0 14.5 29.0 14.5 20.5
20.0 14.5 ——— 20.0 14.5 —— 14,5 14.5
29.0 29.0 29.0 28.0 29.0 29.0 29.0 35.0
3314 3314 3314 3314 3314 33l 4000 4000
5000 5600 5000 5000 5600 500 4143 5000
21é7 211; 2117 657 1089 2117 1497 1497
1582 250 5000 5000 5000 5000 3537 5000
. e BB — - - - o - - -
e 850 850 850 940 940
e ————— G- 530 740 1200 930 930
O R 240 320 470 380 180
S ¥ 1480 1480 1480 1700 1700
----- 1500 — ~ — — 3100 3390 4000 3950 3950
Table 80.  ZEED AND PRODUCTS
A 2 A A U T 8
9.0 14.5 29.0 9.0 14.5 29.0 14.5 29.5
20.2 4.5 == 20.0 4.5 == WS .5
2%9.0 29.0 2%.0 29.0 29.0 29.0 29.0 5.0
$5.7% 8.2¢ l1e.52 5.75 9.26 . 18.52 9.26 13.09
—— —— 0.82 ————— eme—- 0.82  —eam= ———
2.96 3.17 6.34 1.96° 3.17 6,34 3.17 4.48
17.60 12,90  smemm- 17,60 12.90  ===m= 12,90 12.92
25.31 15,33 25.69 27.31 15.33 25.60 25.33 30.49
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CASE

s Hydrotreat.

'Eag. Used.

Feed, MMGPY
Crankcase Oil

Fuel 0il
10% BS&W

Feed Costs,
M/Yx.
Crankcase 0il
e 5¢/G*
Fuel 0il @
1¢/G*

Oper. Costs,.$M/¥r.
Tocal Costs,$M/¥r.

Revenues, SM(%:.
Lube GI 20¢/6
Light Cuts

e 10¢/G.
Pb Sludge & 2¢/G
Fuel Oil @ 10¢/G

Profic B.T.,$M/Yr.

Profit After 50%
Tax, $M/Yr.

‘Retern A.T., %/Y¥Yr,

Table si. PROFITS

1 2 3 1 5 g 7 8
---FeTocate Exwon Equip: Graga RBotE==n==rmmmm-nTo
31.0 50.0 100 100 100 100 70.7 100
9.0 4.5 29.0 9.0 14.5 29.0 1.5 20.5
20.0 X4.s e 20. 4.5 m——— 14, 14.5
™Y BT WO b1 T o PER) /T I
450 725 1450 450 725 1450 725 1025
200 145 — 200 145 o 145 145
%50 816 Y450 | "&€%0 870 WSy @ FR T
851 925 1090 768 820 920 875 902
1501 1795 2540 1418 1690 2370 1745 2072
1150 185z 3704 1150 1852 3704 1852 2618
—— ———- 82 -—— —— 82 -—— —-—-
39 €3 127 39 63 123 63 90
1760 1290 e 1760 1290  ---- 1290 1292
2599 320% k13 %) b1:25) 370% kD) 3205 000
1448 1410 1373 1531 1515 1543 1460 1928
724 705  €86.5 | 765.5  757.5  771.5 730 964
48.3 47.0 45.8 24.7 22.3 19.3 18.5 24.4

‘¥Includes transportation costs, if any.
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CASE

Feed, MMGPY
Crankcase 01l
Fuel 0il

% Hydrotreat.
Cap. Used

Dir. Op. Costs,

$M/¥x.
Op. Labor
Labor O.H.
Ins. + Taxes
Catalyst
Antifoulant
Hydrogen
Maint,
Deprec.
Power
City Water
Nat. Gas

¢/Gal. Feed

Indir. Op. Costs,
SM/Yr.
Salaries
Salary O.H.
R &D
Lab. & Office
Exp.
Consultan“s &
Other

¢/Gal. Peed

1
--ReTocate EXxon Equipment--

110.0
16.5
60.5
14.7

80.5
78.2
233.5
23.1
2.0

2.14

143.0
22.6
25.0

15.0
25.0

0.79

Table 82,

2

50.0

11¢.0
16.5
60.5
23.7

129.7
78.2
233.5

- 35.0

4.0

2.40

I30.0

0.79

costs
3

29.0

2970

100

100.0
15.0
60.5
47.3

259.3
78.2
233.5
53.6
5.2

2.97

0.79
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5

m=m=me-e- Grass Roots

9.
20.
50

100

110.0
16.5
60.5
14.7

2.3
93.0.

206.7

20.0
3.0
10.9

1.85

73070
0.7%

14.5
14.5
23.0

100

110.0
16.5
60.5
23.7

3.7

101.7

226.0
25.0

5.0
17.5

2.03

0T
0.7%

29.0

Z3.0

100

100.0
15.0
60.5
47.3

7.3

120.0

266.7
31.0

7.0
35.1

2.38

730.0
0.79

7 8
14.5 20.5
14.5 14.5
25.0 35.0
70.7 100

110.0 110.0
16.5 16.5
60.5 60.5
23.7 33.4

3.7 5.2

118.5 118.5

263.3 2€3.3
25.0 32.0

5.0 8.0
17.5 24.8

2.22 1.92

30,0 73G.0

0.79 0.66



8TT

Process

Acid/Clay

Extraction/
Acid/Clay

Pistillation/
Clay

Table 83

Primary Product

Lube blending
gtock

Lube blending
stock

Lube blending
stock

Distillation/

Hy Treating

Distillation

Controlled
Combustion

& Includes 3¢/gal féed cost and 10%/yr. depreciation, but excludes return on anastment.

See Tables

Lube blending
stock

Fuel cil (diesel
fraction could
possibly be re-
covered)

Steam

SUMMARY OF CRANKCASE

WASTE OIL PROCESSES®

Grass Roots Econ. -

Primary Wastes

5 Million Gal/Yr.

& Byproducts Investment Op, Cost" Comments
Acid sludge, $1,153,000 21,9¢/Gal. Widely used
spent clay Lube in U, S,
Acid sludge, $1,363,000 18.4¢/Gal, One operating
spent clag Lube plant in Italy.
ash fuel yproduct
Spent clay; $1,173,000 17.3¢/Gal. At least two
high ash fuel Lube plants in U.S.
byproduct
High ash fuel $1,342,000 19.0¢/Gal. Under
byproduct " Lube development.
High ash fuel $§ 930,000  14.6¢/Gal. Can make high
byproduct Fuel oil quality fuel,
but economics
guestionable.
Ash concentrate $ 492,000 80¢/1000 Speculative-
Lbs. Steam fine particle
recovery
difficult.

.10, and 11. for details.




VACUUM DISTILLATION/HYDROTREATING PROCESS

The basic scheme for the distillation section of the
process was provided in Figure 1; the hydrotreating section
is shown in Figure 9. The raw crankcase oil is first run
through a flash column where water and some of the ga#oline
contamination is taken overhead. The flash bottoms are then
processed through a vacuum distillation column separating
the following components: gasoline contamination overhead;
a vacuum distillation bottoms product, containing high boil-
ing hydrocarbons and non-volatiles including metallic com-
ponents; and one cr two distillate fractions. The distil-
late is dark in color and otherwise unsuitable for use as a
high guality lubricant.

The distillate is then catalytically hydrogen treated
to meet specifications as a lubricating oil blending stock.
Work reported by Esso Research and Engineering Co. shows
that hydrogen treated distillate can match typical proper-
ties of 150 vis neutral lube base stock.? Other approaches
to hy?fogen treatment have been reported in patent litera-
ture.

The gasoline fraction can be used internally as a fuel,
and the balance sold., The vacuum distillation bottoms,
which may contain more than 10% lead, can be used as fuel in
secondary lead smelting furnaces, as reported in Section V.

The principal problems in catalytic hydrogen treating
left unanswered by previous work are the questions of
catalyst life and hydrogen consumption. In Esso's work,
about 100 hours of continuous hydrogen treating of the used
motor o0il distillate was logged with no noticeable catalyst

deactivation. 1In the experiments reported in Appendix E,

no problems were noted after 67 hours of operation.: At a
lead content of 2 ppm in the distillate and 1.0 V/%Whr,
space velocity, the catalyst bed would contain about 1,5%
lead after one year of operation, if breakthrough d4id not
occur. Actually breakthrough would be expected, and, in

any case, this lead level would not be expected to seriously
affect the catalyst.
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Hydrogen consumption is a serious matter, since hydro-
gen costs for the relatively small quantities required are
on the order of $4 per 1000 standard cubic feet. Accurate
measurgmept of hydrogen consumption in small pilot units is
very difficult and expensive. Therefore, two different
approaches have been used tc estimate the hydrogem which
will be consumed. (See Appendix E for details).

In one approach a static hydrogenation bomb test for
distillate was compared tc a bomb test for Nujol at the
required temperature and pressure. This data, after being
subjected to corrections involving catalyst reduction,
ammonia, hydrogen sulfide, and water formation, and sorp-
tion phenomena, gave a maximum hydrogen consumption of 70
to 160 SCF/B.

In an alternative approach, hydrocgen consumption was
calculated from changes in the characteristics of distil-
lates during catalytic hydrogen treating. The characteris-
tics examined include sulfur, nitrogen, and oxygen contents,
hydrogen content as predicted from specific gravity changes,
and Iodine Number (unsaturation)., This approach led to a
predicted hydrogen consumption of 153 SCF/B, in reasonable
agreement with the values cited above. Hydrogen makeup
cost at the 150 SCF/B level is about 1¢/gal. of raw waste
oil {$4 per 1000 standaré cubic feet for hydrogen).
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WASTEWATER TREATMENT

The existing wastewater treatment system consists of a
primzry oil separator drum, and two oil/water gravity separator
tanks arranged in series for treatment of all process and cool-
ing wazers prior to discharce to the Kill Van Kull. O0il is
recovered by the use of vacuum hoses, and solids are removed
by periodic cleaning of the oil/water separators. The planned
additicn of a new process unit will increase plant capacity by
approximately 3500 bbls. per day from the current capacity of
1000 kkls., per day and will necessitate upgrading of the present
waste water treatment system.

The  improved treatment facility will include holding areas
for process water and rainwater runoff, and the addition of a
dissolved air flotation unit downstream of the existinc separa-
tors. The quality of effluent is expected o be significantly
improved by (1) the additicns to the physical facilities of the
treatment plant referred to above and (2) reduction in the
cguantity of wastewater requiring treatment by a factor c¢f 9
(43.8 gpm vs. 420 gpm). Figure 10is a flow plan of the upgraded
treatrent facility.

Holéing Areas

The holding ponds and contaminated water storage tanks pro-
vide 2 reliable method for maintaining a constant flow rate to
the treatment plant, and permit the collection and treatment .of
storm water. In addition, some o0il and suspended so0lids removal
can be achieved in the holding ponds and tanks before the im-
pounded water is fed to the treatment plant.

No. 1 Pond has a holding capacity of 27,000 gallons. The No. 1
Pond 1s the main collection basin used to feed the treatment
plant, and ls located for easy access to all processing units,
rruck loading facilities and tankage. Contaminated water will
flow by gravity f[rom the storage tanks to the pond. A pump is
provided to pump water from the pond to the contaminated water
storage tanks during heavy precipitation.

No., 2 Pond has a holding capacity of 6,000 gallons. The No. 1
Pond 1s a seccndary collection basin used for control of storm
water collected at the South end of the property. and for storm
water in the No, 1 Tank Area. Water from the No. 2 Pond is
Fumped to the No. 1 Pond or to the contaminated water storage
tanks prior to being fed to the treatment plant.

122



€CT

[ %4
[ Ru-tcs# .Na-raa

*a& ?e.—ML = «-:.-«TANMAYIP
WATRE, CAPAS TV : 99900 MA

-
SDR. O SCMMBE

NP

\\

e PR R PRpe

DRECANT T8

ug- nosnv-a DoND STORAGR
3 LA aal )

M B
Al\ BLom e’

-

€. a1 Tty
Seop

/ Fowive

—_ Wt Oin Da Wi
S o a3 o

ottt U_,_jmwm”m . .Tr

\..s.-.icviy‘ APt GRAVITY SLPASATORS w -

2 C OOl wWAT AL

pPPROx 290 Larm

ECCLoibmT NLIBHING U“H'L

® | ) g-\n wenl’

‘TREATED TERLUMWT

T l_f__s

|l o Tll

‘)& Aspd A0Iw. Y wlkAT4RR '-w—l)
b Le>. Q OFM, HOEM wfiT sl MTUER Fuige, l

___._,__J

e ot o Ce—  C— S— ——— — —— ——— —— —— — — —

OULEOLVED AR PLOTATION LT
T l:t'.ov-' eu.-v\meﬂ
L e

m::Z;:::i::;gy

L)

'I Wog e S W aD

B snind
lagne cavd * .
- ~bTolem ATl ey mu.
- MIKINGY TAMK N HNORMALLY MO Av
".' - (-w & A B-0 roua) :
N

WASTEWATER

TREATMENT FLOW DIAGRAM
FIGURE 10




Contaminated Water Storage Tanks (2) are prov@ded for s;cr-
age of process and runoif waters. Each tank is 20 ft. in
diameter and 20 ft. high with a capacity of 47,000 gal.

0il/Water Separators

The two oil/water separators are arranged in series for
treatment of wastewater and storm water from the No. 1 Pond.
The  two separators are of identical design, each having a
water holding capacity of approximately 7300 gallons. They
consist of a hemispherical section of a cylindrical tank 29
feet in length and 10'3" in diameter. The liquid at the
center of the tank is approximately 52 inches deep. Each of
the two tanks are gravity fed and are baffled at the down-
stream (South) end for retention of oil for removal by
skimming.

Air Flotation Unit

After leaving the two separators the wastewater re~
ceives additional treatment in an air flotation unit which
consists of a central treatment chamber equipped with a
mechanical scraper for removing oily froth from the surface,
an entrance section, a discharge section and auxiliary
equipment for the introduction of compressed air with the
feed water. The air flotation unit is approximately 13
feet long x 3.5 feet wide x 3.5 feet liquid depth. The
auxiliary equipment consists of a recirculation pump and a
tank for the introduction of compressed air. As very small
air bubbles are released in the central chamber, they carry
oil droplets and solid particles to the surface. These are
removed by the mechanical scraper and transferred to a froth
drum where addition of heat or chemicals eliminates air be-
fore transferring to the slop tank. Coagulant chemicals and
coagulant aids are added as necessary tc the feed in order
to achieve maximum efficiency in removal of oil and solid
particles. It is expected that the hydrocarbons reaching
the air flotation unit will have a low vapor pressure and
will not cause significant hydrocarbon emissions to the air.
If this should prove to be a problem,a controlled vent sys-
tem mignt be required.
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Continuous 0il Skimmers

Skimmers utilizing continuous floating collector ﬁubes
(Brill oil skimmers--Model T-6) are installed at the eff-
luent weirs of the No. 1 Holding Pond, and in each of the
two separators. Continuous skimming will prevent the build-
up of significant quantities of oil. on the water samfdee
and will thus prevent reentrainment and carry-over to down-
stream treatment units., Recovered oil from the skimmers is
directed to the slop tank for reprocessing.

Run-0Off Water

The entire system is designed to prevent inadvertent
draining of run-off waters to the Kill, This is accom=-
plished by the use of curbing and drainage ditches around
the NORCO gite. Run-off waters due to precipitation or
washing operations are collected in (1) one of two holding
ponds, (2) process area sumps, (3) behind tank area curbing,
and (4) the locading area gump. The ultimate destinaticon of
all these waters, either by drainage or pumping, is the No. 1
Holding Pond. The water from the No. 1 Holding Pcnd is
pumped at a controlled rate through the wastewater treating
system described in the previous section, and finally the
clean effluent is discharged to the Kill.

The system designed handles all rainfalls up to approx-
imately 1 1/3 inches over a one hour period. In the event
of an extremely heavy rainfall in excess of this figure,
means are provided for diverting clean water run-off dir-
ectly to the Kill, bypassing the wastewater treatment sys-
tem. This operation is done by closing gates which serve
as inlets to the two holding ponds, preventing additional
water from overflowing into or out of the full ponds.

Flow Measurement and Sampling

A flow meastr-ement and sampling box will be provided
at the effluent outflow to monitor discharges.

Additional Information

The design basis, sizing of major equipment, and pro-
jected water effluent guality are provided in Tables 84-86.
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Table 84, NORCO WASTE OIL RECYCLING OFERATIONS
UPGRADING OF WASTEWATER TREATING FACILITIES

DESICN BASZSE

1. Tre steam jets and baroretric condencer for the existing
102C B/D vacuum flash tcwer w:ill be replaced with an
ircirect condenser and mechanical vacuum pump.

2. The steam jet condensers ané tarometric condenser for
the existing 1000 B/D vacuum &:istillation tower will be

reclaced with an indirect condenser and mechanical
vacuum pump.

3. CZhe steam jets and barormetric condenser for the relccated
3300 B/D vacuum distillation tower will be replaced with
arn indirect conderser and mechanical vacuum pump.

4. The steam jets and barometric condenser for the relccated
vazuun stripper will be rerlaced with an indirect condenser
and mechanical vacuum pump.

5. All cooling services in the plant will be by indirect heat
exchange with air or cooling water. The cooling water
will be pumped from the Xill Van Kull, and used once-thru.
Ar. 0il detector will be used 2+ the discharge to detect
leaks. Leak detection will result in diversion of the
vater to retention ponds or shutdown of the leaking
equipment. A higher pressure on cooling water than
on o0il will cause leakage of water into oil rather
than oil into water.

6. All process water (water contained in and recovered from
waste Oils) will be directed to the oil/water separation
systen.

7. All normal runoff water will be directed to the oil/water
separation system, up to 1 1/3 inches rainfall in a one hour
period. Excess runoff in very heavy storms will bypass
the separaticn system.

2. Basic calculations -

Runoff

3.5 acres®x 43,560 ft®/acre x 12 = 12,750 £ft®/inch rainfall

*Note total site area is approximately 3.5 acres. About 25%
of total area covered by diked or curbed prccess and tank
areas. Therefore, ?ne inch of precipitation over 3.5 acres
is equivalent to e T 1 1/3 inches over free area.
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Table 844 (Continued).

liaste Water Holding Areas

Holding Pond WNo. 1 - 3,600 ft3 ( 27,000 gal.)
Holding Pond No. 2 = 800 ft3 ( 6,000 gal.)
4,400 £t ( 33,000 gal.)

Centaminated Water Storage (2 Tanks) ~ 94,000 gal. (12,600 ft3$

Run-off Treatment Rate (Based on 1 inch over 7 days)

12,750 ft3 over 7 day pericd

3
7 day x 1440 min./day )

Process Water = Maximum

3500 B/D Crankcase Qil @ 5% water = 5.1 GPM
2000 %/D Other Waste 0ils @ 50% water = 29.2 GPM
34,3

Westewater Treatment Plant - Design Basis

Run-off Water - 9,5 GPM
Process Vater - 34,3 GPM

g ar———

TOTAL 43,8 GPM

9. The wastewater system will be designed and installed in two
phases. Phase I equipment is described in this plan to meet
target water effluent quality shown in the following document.
The Phasc II design will depend upon the performance of the Phase I
system and applicable advances in wastewater treatment equipument.
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Table 85. SIZING OF MAJOR TREATMENT PLANT UNITS
- National 0il Recovery Corporation
Bayonne, New Jersey 07002

No. 1 Holding Pond (27,000 gal.)

This pond was designed to contain the process water re-
sulting from normal operations and, with the contaminated
water storage tanks, to have sufficient capacity for con-
taining the first 1 inch of rainfall collected from the 3.5
acre site. Since approximately 25% of the site contains
separate enclosures, capacity is about 1.33 inches of rain-
fall. The capacity provided will handle normal daily rain-
fall, with bypassing required only occasionally (usually
not more than once in a given month).

No. 2 Holding Pond (6,000 gal.)

This pond was designed to collect storm water run-off
from the 8ocuth portion (approximately 3/4 acre) of the
property which is too low in elevation to drain into the
No. 1 Folding Pond. Pond 2 therefore is used for pumping
to Pond 1. In addition, storm water from the No, 1 Tank
Area can be manually discharged to Pond 2 for pumping to
the No. 1 Holding Pond. A 500 GPM pump will be provided.

Oi;/Water‘&egagators

At the design treatment rate of 43.8 GPM, and the
liquid holding capacity of 7300 gallons, each separator has
a detention time of 166 minutes (2.75 hours). The detention
time for both separators is therefore 5.5 hours. Accepted
design practice for gravity .separators utilizes detention
time of approximetely 4 hours to achieve maxirmum oil-water
separation efficiency.

Air qutation Unit

Based on the design treatment rate of 43.8 GPM .and the
iigquid holding capacity of 1200 gallons, the detention time
in the flotation unit is approximately 27 minutes. Recom-
mended detention times ranging from 4 minutes up to the time
used were obtained from various manufacturers of flotation
equipment. A second parameter used to size flotation equip-
ment is the overflow rate which is defined as the throughput
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Table 85. (Continued)

rate (GPM) divided by the liquid surface area of the cen-
tral flotation chamber (sq.ft.). The overflow rate of the
unit described is 43.8/25 or 1.75 which is more conservative
than the accepted value of 2 used for design of most re-
finery units in service today. Proprietary information
based on pilot plant studies in a refinery show that a
flotation unit designed using these criteria and using
chemical additions will remove 80 to 90 percent of the sus-
pended solids present in the feed and will reduce oil con-
tent to the range of 10-40 mg/l. The o0il content of the

combined outflow (with cooling water) is expected to be less
than 6 ppm,

Continuous 0il Skimmers

The capacity of the Brill Model T-6 oil skimmer is
rated by the manufacturer approximately as follows:

heavy residual oil 2500 gallons/day
lubricating oil (SAE 20) 500 gallons/day
fuel oil (No. 2) 250 gallons/day

At the design wastewater flow of 43.8 GPM, and assuming
as a liberal estimate that the water entering the pond con-
tains 0.5% oil, the daily removal requirement approximates
400 gallons of o0il., The three skimmers provided can easily
remove that amount of oil.



O€T

pH

TOC

0&G

TSS

Temp.

Zn ~ Total

Cr -~ Total

‘fable 86.. PROJECTED WATER EFFLUENT QUALITY
st T 1P
Avg. (Max.) Avq. (Max.)
&~9 6-9
1200 lbs/day 72 lbs/day (140)
3300 lbs/day- 36 lbs/day (49)
54 1lbs/day 54 1lbs/day (140)
160°F (110) 100°F (110)
(1 mg/1) (1 mg/1)
{1 mg/1) {1 mg/1)

Tarqget Effluent Di
Avey il“ldx.i_- ihq 1

6-9
68 1lbs/day
21 lbs/day
32 lbs/day
100°F (110)

(1) Initial Effluent Limitation, Aug. 31, 1974 - Aug. 31, 1976,
NPDES Permit No. NJ0003565

(2) Required Effluent Discharge, Aug. 31, 1976 -~ Aug. 31, 1979

(3) For Phase I plant meodifications, about May 1976

(4) Based on discharge from air flotation unit - 43.8 GPM

(5) Based on total discharge to Kill (including cooling water) - 300 GPM

130
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60
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APPENDIX A

SUMMARY LOG OF OPERABILITY - PROBLEMS AND SOLUTIONS

2/15 - 3/15/74

1/15 - 2/15/74

The oil processed contained a high per-
centage of water (30.l1% average), consid-
erable very abrasive gritty material, and
troublesome fibrous trash. The high wa-
ter content required excessive recircula-
tion of partially dewatered oil back to
the feed tanks to produce dry oil. The
fibrous trash passed through relatively
fine strainers fitted with cylindrical
basket sheet metal elements with 1/8 inch
diameter holes. The fibrous trash plugged
inlets of channels in the closed impellers
of the two stage centrifugal pump. The
single stage open impeller centrifuggal
pump remained clear. Erosion on the im-
pellers was not severe. The high grit
content of the oil cut the sliding vanes-
in a rotary positive displacement in a-
bout 3 hours. Elements of rotary screw
and rotary gear positive displacement
pumps were out in about five hours.
Heater erosion which occurs due to grit
can be reduced by reducing velocity, e.g.
operating at less vacuum or even under
pressure.

A procedure was worked out whereby waste
0il feed is first pumped from a warmed up
feed tank through cold suction lines with
a rotary positive displacement pump
through a centrifugal pump until the suc-
tion lines and the centrifugal pump are
adequately warmed up and filled with rela-
tively low viscosity feed going into the
fractionater heater. After about 10-15
minutes, the rotary pump is shut down and
the centrifugal pump takes over. This
procedure eases startup problems and re-
duces the erosion and abrasion wear on

the rotary pump which has been experienced
due to the grit content of the feed (the
centrifugal pump with a priming vacuum
pump is an alternative).



12/15/73-1/15/74

11/15 - 12/15/73

10/15 - 11/15/74

With the intake of a greater variety of
waste oils from more sources, including
vacuum tank trucks used for cleaning out
tank bottoms, cleaning up spills, etc., a
great increase in trash, debris, grit,
metal particles, sand, plastic, and -other
foreign material have been noted. Swing
strainers with strainer baskets are pre-
sently being employed. Slant bottom re-
ceiving tanks and strainers operating
with continuous discharge should be con-
sidered for future operations.

The dismantled 2 inch pipe coil coolers
for fractionator bottoms, light cut, light
reflux, heavy cut, and heavy reflux were
inspected after steam and air blowing to
remove oil and tar. All coolers were
found to be relatively clean inside, with
very little tar or signs of fouling. The
outside of pipe coils close to the bottom
of the cooling tub was rather heavily
coated with deposit from the salt cooling
water. All coils were corroded rather
evenly on the outside, with the 180° bends
corroded more severely than the straight
pipe. Corrosion varied from about 3/32
inch to 1/16 inch, with 1/8 inch on outer
curve of bends and some areas ccrroded
even deeper, accountinag for leaks. Sharp
localized pitting did not occur.

Bronze veins tried on a rotary sliding
vane pump, instead of the recommended
plastic vanes, lasted somewhat longer but
the wear on the surfaces of the vane con-
taining slots in the eccentrically posi-
tioned rotor was much more rapid. The ro-
tor had to be replaced. The wear and cost
is excessive when the sliding vane rotary
punmp is used for pumping gritty oil.

Tube ends in the fractionator heater were
sweating (leaking very slightly at epds
where they are rolled into headers). In-
spection showed end of 6 tubes required
re-rolliag. Tubes tend to leak at rolls
when running waste fuel oil as heat input,
pressure, erosion, and fouling ratea are
all increased over corresponding rates
when processing waste crankcase oil,
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10/15 - 11/15/74
(continued)

9/15 - 10/15/74

8/15 - 9/15/73

7/15 - 8/15/73

$/15 - 7/15/73

One leak developed when the flash heater

3 inch pipe coil was tested. In the pro-
cess of patching the leak, heavy fouling
of the coil and thinning of metal by out-
side oxidation £##\ high metal temperature
experienced during runs was noted. Two
more leaks developed on retesting. The
coil required replacement.

A revamp of the piping between the charge

and the fractionator heater, in-
cluding installation of a larger orifice,
reduced pressure drop and improved control
of charge rate and heater outlet tempera-
ture.

Tubes in the fractionator heater were
cleaned from one end with air driven tube
cleaners, reducing cleaning time. Some of
the tubes are exposed to excessive radia-
tion because of poor furnace design, re-
sulting in excessive metal temperature and
blown tubes. Frequent cleaning aids in
minimizing this problem. High firing
rates used to increase throughput of very
wet olls aggravates these problems.

40°ArI naphtha added to wet waste fuel oil
to aid in settling and separating water in
the storage tanks before vacuum distilla-
tien.

The casing of a rotary positive displace-
ment sliding vane fsed pump and the vane
slots in the round rotor became excessive-
ly worn after less than three months.oper-
ation on an abrasive waste fuel oil stock.
The pump was junked.

A procedure was worked out to clean the
fractionator heater tubes from one end
only, leaving the foreign material in the
tubes to be removed by pumping cold oil
through at high flow rates followed by
steam. The foreign material passes through
the tubes and the transfer line to the
bottom of the fractionator where consider-
able volume is available for solids accu-
mulation. The bottom of “he fractionator



5/15 - 6/15/73

4/15 - 5/15/13

is cleaned out pericdically to avoid
carryover of solids to the bottoms pump.
The procedure reduces cleaning tima #nd
cost.

An anti-foulant from Nalco Chemical Co.
was injected into the crankcase 0il charge
and into the light and heavy lube oil cuts
at the rate of 50 ppm, with results very
similar to those obtained when an anti-
foulant from Exxon was injected in 1969.
Poulinig in the heater tubes and in the
light and heavy lube 0il cooling coils
appeared to be reduced. The color of
these two productis was slightly darkened
from about L 7.0 to L 7.5 or L 8.0 on the
ASTM color scale. Tarry material which
settles to the bottom of sample bottles
did not solidify and tenaciously adhere as
occurs without anti-foulant injecting.
Odor seemed somewhat reduced. The Nalco
anti-foulant is considerably less viscous
than that from Exxon and required a dif-
ferent injector.

Both bropze and composition vanes have
been tried in rotary displacement sliding
vane pumps. With bronge vanes, the wear
on the vanes is slower than with composi-
tion vanes, but the wear on the sliots in
the cast iron rotor is greater. Overall
économics favor composition vanes, but
temperature must be limited to 120°F.

Some high water (50-558) fuel oil was re-
ceived., Waste oil containing over about
35-40% water cannot be economically -and
satisfactorily processed in a single pass
through the existing equipment because of
pressure drop and excessive erosion at
high velocities in heater tubes and head-
ers. Therefore, about 20 hours during the
morith was spent recycling the high water
content fuel through the fractionator to
bring the oil to dryness. Some recycling
of feedstock is required to start up and
shut down. This is being done in a manner
to get the most evaporatgon of water pos-
wible, before going on stream to produce
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3/15 - 4/15/13

dry products. A substantial portion of
the water content of the oils is evapor-
ated at relatively low temperature, but,
since the solubility of water in oil in-
creages with temperature, to achieve ade-
quate drying of finished oil, the bottom
of the fractionator must be maintained at
a temperature above the boiling point of
water, usually 40-509F, at the absolute
pressure existing at the liquid level.

Waste fuel oils from Butterworthing (wash-
ing of barge and ship tanks) processed
from Nov. 1971 to Dec. 1972 did not con-
tairn much abrasive solids. Positive dis-
placement rotary gear pumps and rotary
sliding vane pumps were reasonably satis~
factory for pumping this material. Since
accepting tank bottoms and miscellaneous
waste oils from various sources, the con-
tent of abrasive solids has increased and
the wear on the pumps has been excessive.
The vanes in a feed pump had to be re~
placed after 50 1/2 hours operation. The
steam simplex pump used for pumping dried
processed fuel oil from the bottom of the
vacuum fractionator runs &t a piston
speed of 30-50 feet per minute. Wear on
the piston, piston rings, and cylinder
appears to be reasonably low, but the ini-
tial and operating costs for such a pump
is high.

The pressure drop from feed tanks to pump
suctions is often so high as to cause very
low suction pressures resulting in erratic
pump operation. Tank heating to lower
viscosity is expensive, so that other sol-
utions such as the use of positive dis-
placement pumps arnd locating pumps immed-
iately adjacent to tanks are being tried.

Six tubes in the fractionator heater were

replaced because of local cverheating and
actual failure of four tubes.
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2/15 - 3/15/13

i/15 - 2/15/7%

The stainless steel thermowell in the 4
inch section of the transfer line eroded
through and leaked. It was replaced with
a hard-faced hardened steel thermowell,

The 4 inch x 4 inch x 6 inch steel tee in-
stalled to replace a 4 inch elbow ‘in the
fractionator heater transfer line was in=-
spected after 190 hours of service. Lit-
tle erosion was noted, certainly consider-
ably less than previously noted.

Severe erosion of the fracticnator heater
tubes and of pumps, which began shortly
after NORCO began accepting waste fuel oil
from vacuum tank trucks and tank cleaning
operators, continued. .A rotary twin screw
pump formerly regarded as reasonably sat-
isfactory became excessively worn after 60
hours of operation (about 100,000 gal.).
The vanes in a rotary positive displace-
ment pump lasted about 80 hours at the
reconmended speed of 500-420 RPM, The
erosion in tubes appears to be most severe
when the waste oil contains a high per-
centage of water. Resultant high veloci-
ties due to high steam formation cause
severe erosion, especially when solids are
present. Demulsification prior to pro-
cessing to separate the bulk of the water
presant is very desirable.

‘The fractionator heater, transfer line,
and fractionator were inspected. A leak
at the west header of the first tube in
the bottom radiant row was stopped by re-
rolling the tube end: A small leak re-
sulting from erosion in the 4 inch by 6
inich elbo% in the transfer line was found
and repaired by welding a 3/8 inch thick
steel patch over the heel of the elbow. A
small amount of fine grit and coke was ob-
served in the bottom of the fractionater,
which probakly accounts for the relatively
qzick erosion of the elbow in the transfer
1line,
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12/71/72-1/15/13

The fractionator heater tubes and frac=-
tionator were thoroughly cleaned and re-
paired during December lst to 15th, for
the first time since March 20, 1972. Only
four short crankcase oil runs have been
made since that date. Two short drying
runs were made drying part of the water
out of the Berk's bottoms recovered from
the lagoons at the Berk's plant., All
other runs were made charging waste fuel
oil. The fouling rate is probably one
£ifth as fast on waste fuel oil charged
during this period as on crankcase waste
oil. But very accurate determinations of
fouling rates on waste fuel oil is diffi-
cult when runs on waste crankcase and
Berk's bottoms are made between waste fuel
oil runs.

One tube in the fractionator heater was re-
placed because of thinning from excessive
metal temperature with resultant formation
of iron oxide and sulfide scale on the out-
side of the tube. Allowable operating
stack temperatures have been lowered to
reduce the tube metal temperatures. The
above will somewhat reduce the feed rate
when processing oil. Seventy=-two {72)

gtud bolts were re-welded on the heater
tube headers. One tube was re-rolled in
the headers. The 6" diameter section of
the fractionator heater transfer line

‘exoded through at a point of high turbu~

lence just beyond the 6" x 4" steel elbow.
A thick steel patch was welded over the
eroded area. The fire brick of the com-
bustion zone wall at the south side of the
heater fell when high temperature refrac-
tory insulation moulded over supporting
steel cracked and fell, exposing support-
ing steel to high temperatures and buckl-
ing. A new steel tee beam was installed
and insulation replaced. The plastic re-
fractory around the burner opening was re-
placed. The burner was cleaned.
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11/7 - 12/71/72

l0/7 - 1177772

NORCO's plant was designed primarily for
crankcase waste oil, requiring no.tank
heating. However, with the onset of win-
ter and increased acceptance of a wider
range of all conceivable varieties of
waste oils, which can be processed and
blended to make galeable fuel oils, the
need for extensive preheating is becoming
apparept. This situation has been aggra-
vated by the increased processing rate,
starting with one 30 gpm feed pump then
two 30 gpm feed)pumps, and now with 50 and
30 gpm feed pumps installed. During the
summer, piping was installed for using two
48,000 gallon tanks equipped with heaters
as preheating means - also hoth tanks were
equipped with air sparger piping arrange-
ments for quickly and forcible agitating
tank contents with short, large volume
bursts of compressed air. Mixing results
have been quick and effegtive. However,
additional preheating will be required for
handling of quantities of high pour and
viscous oils at economic feed rates.

Since water does not settle rapidly from
the more viscous oils, most of the water
is removed in the fractionator. The lim-
iting factor in processing wet oils has
been the allowable pressure on the oil
heater tubes and headers, and the heating
capacity of the heater.

Determination of water content in many
waste fuel pils cannot be satisfactorily
obtained by the usual centrifuging tests,
ASTM D1796 and ASTM D2709, because of for-
mation of a gel which precipitates in the
bottom cf the centrifuge tube. Water in
the ocil apparently combines with various
compounds in the oil to form the gel in a
total volume which bears no direct rela-
tion to the volume of water. If the sam-
ple is diluted 1:1 with naphtha or kero-
sene and distilled in a manner somewhat
like that described in the test ASTM D-95,
the water content can be accurately and
reliably determined. Modification of
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3/7 - 10/7/72

8/7 -~ 8/1/72

apparatus and procedure in distillation
test ASTM D-95 provides a rugged inexpen~-
sive apparatus and satisfactory procedure
for determining water content over a very
wide percentage ¥ange, The sample may be
heated and distilled to the required temp-
erature to drive over all water much
faster than when following the procedure
specified in distillation test ASTM D-86,
Also the dilution with naphtha or kerosene
may be varied according to viscosity and
probable water content, judged from grav-
ity and appearance.

The oil heating coil in the flash tower
fired heater ruptured during a crankcase
0il run. It was patched for short time
further service. This ccil cannot be
readily cleaned by the usual methods:
steam-alr decoking; chemical cleaning; or
mechanical cleaning because of the nature
of the deposits. A straight tube heater
would be much preferred for this service.

During the month, sludge oil received
from Pottstown (Berks) was processed pri-
marily to remove water and tSrash. As re-
ceived the o0il contained considerable free
water not combined as sludge or emulsian.
It also contained considerable trash:
leaves, twigs, sticks, dirt, grit, etc.
The fluid to the unit varied abruptly from
non-viscous practically 100% dirty water
to 100% thick viscous emulsion. Control
of flow and heating in the flow control
instrumentation and tubular heater was
erratic and difficult. Pressure, flow and
temperature varied widely. The positive
displacement charge pump wore rapidly.
After about 100 hours of operation it was
replaced with a Moyno pump, previously
used for pumping oil and water mixtures
from oil water separators. This pump suc-
cessfully pumped the feed from the tank
through about 250 ft. of 4" pipe and hose.
The pipe was made up in 55'-60' sectioans
connected with hoses. From NORCO's exper-
ience, general purpose waste oil plant
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77 - 8/1/72

6/7 - 1/1/72

opekators would do well to develop a trans-
pottnbla and quickly connected ‘system of
pips sections and hose sections for pumping
all the various kifds of waste oils to be
encountyred. Readily transportable and’
guickly connected pumps with very short
suction lines would compléte the picture.
For cold weather opsration portable steam
suction heaters and steam supply would be
necessary. In sonme instances permanent
equipment might be justified.

Wet waste oils from tank bottoms often are
very high in specific gravity and pour
peint. When the water is evaporated. from
the 0il the pour point of the dried fuel
0il becomes "normal,” that is low. This
phenomenon may be associated with a “water-~
soluble waxy material" in these oils.

Steam piping size to the flash tower and
fractionator heaters was increased from 1
inéh to 1 1/2" to increase steam flow.

The steam is important to the operation
for: injection into the oil charge to
maintain adequate velocity in the colder
convection tubes of the fractionator heat-
er; blowing oil out of the tubes at the
end of runs; drying out of deposits in

the inside of tubes before tubé cleaning;
and for injection into the heater fire box
for snuffing out fires in case of tubé
failures. The deposit encountered from
waste lubricating oil has quite different
characteristics from that encountered in
usual petroleum refining practice, tending
to be much less brittle and frangible to
impact of tube cleaner cutters. Flushing
and drying increases frangibility and
makes for faster satisfactory cleaning.

A 2 inch air line and hosé were rigged up,
to replace the existing one inch line, for
blowing broken up deposits from the frac-
tionator tube heater transfer line. Clean-
ing' tiime was halved from 16 hours to 8
hours.
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3/7-4/1/72

4/7-5/7/72

5/7-6/7/72
6/7-7/7/72

1/7-8/7/72

APPENDIX B

LOG OF RESEARCH AND DEVELOPMENT WORK

i

HRI laboratory report on hydrotreating.
I-R spectrophotometry showed that the
major portion of oxidized impurities
in crankcase waste oil distillate cut
had been reduced by hydrotreating.
Ageing for 2 weeks at room temperature
showed some additional deposit forma-
tion.

Solvent extraction of HRI hydrotreated
0il improved color, haze, and odor to
considerable degree.

Solvent extraction program continuing.

Examination of crankcase waste oil
bottoms and sludge for Pb, Bn, Ba, S,
Br, V showed Pb, &n, Br in major
guantities.

Analysis of solids from filtration of
tanker washdown effluent showed Zn, Cu,
Fe, Mn, Pb, Br present in major gquan-
tities.

Analysis showed low metals content in
NORCO sidestreams #3 and #4.
Laboratory centrifugation tests showed
most metals showed up in recovered
solids.

Contacts made with organizations with
possible interest in sludge.

Ssolvents found which cause settling of
aggregated polymer and solids.

Wax and water contents determined for
a waste oil.

Naphtha dilution followed by filtration
upgraded Berk's bottoms (obtained as a
result of hurricane®®ausdd~spill.in
Schuykill Valley).

Centrifugation of Berk's bottoms.
Breaxit {(Exxor) treatment of Berk's
bottoms.
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APPENDIX (continued)

7/7-8/7/72 d. Further solvent treating experimentg.
(continued) e. Voges filter trial gave 3.5 gals/ft®/hr.
filtration rate.

8/7-9/7/72 a. Bird and Centrico centrifuges were
tried for solids recoveries from
various waste oils and waste/oil
mixtures.

9/7-10/7/72 a. The possibility of effective filtration
of waste o0ils was reviewed.
b. A bowl type Westphalia centrifuge was
used to produce high lead solids.
Solvent dilution produced a greater
yield of solids.

10/7-11/7/72 a. Modification of ASTM method for water
determination for use with waste oils.

b. Further work on filtration of waste
oils.

¢c. Determination of solids content of
bottoms.

d. Solvent treatment of crankcase waste
oils with methanol, ethanol, n-propanol,
iso-propanol, n-butanol, iso-butanol,
cyclohexanol, toluene, methyl ethyl
ketone, acetone, amyl alcohol, Z~amino
ethanol, glycerol.

11/7-12/7/172 a. Further solvent treatment experiments
using butanol, cyclohexanol, n~heptanol,
hexanol, 2-furaldehyde, furfurol, dode-
canol, tetraethylene pentamine, phenol,
n-octanol, iso~octanol.

b. Solvent treating of Berk's bottoms with
amyl alcohol with '10% pentane, methanol
with 10% pentane, 50% methanol with 50%
pentane, isopropanol with 10% pentane,
amyl alcohol with 10% pentane, 50%
butane diol with 50% methylethyl ketone.

12/7/72-1/15/73 a. Further solvent treatment experiments

on 2-amino ethanol, hexanol, heptanol,
butanol.
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APPENDIX (continued)

12/7/72-1/15/73 b. Distillation of n-butanol/crankcase
(continued) 0il mixture.
¢. Separation of residue from NORCO
bottoms.

d. Iodine Number: measuremefits. made.

1/15-2/15/73 a. Separation of residue from NORCO
bottoms and lead analysis.
b. Separation of sludge and water
from raw crankcase o0il.
c. Treatment of raw crankcase oil with
2-amino ethanol.

2/15-3/15/73 a. Preparation of high lead solids from
crankcase o0il tank bottoms.
b. Crankcase and waste o0il characteriza-
tion,
c. Phenol and n-butanol treatment of
crankcase oil.
d. Plant wastewater pH measurements.

3/15-4/15/73 a. Distillate bomb hydrogenation test.
b. Crankcase and other waste oil
characterization.

c¢. Centrifugation tests on crankcase oil.
d. Heat soaking/centrifugation cycle tests.

4/15-5/15/73 a. Crankcase and otcher waste oil
characterization.
b. Acetone and methanol treatment of
crankcase oil.

5/15-6/15/73 a. Treatment of crankcase oil with
tetraethyl ammonium hydroxide, diethy-
lenetriamine, potassium hydroxide.
b. Plant wastewater phenol and pH
measurements.

6/15~7/15/173 a. Tests of Nalco demulsifying agents
for fuel oil dewatering.
b. Total acid number of raw crankcase
0il and centrifuged crankcase oil.
c. Chemical hydrogenation with borohydrides.
d. Waste o0il Zistillations.
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APPENDIX (continued)

7/15-8/15/73 a. Chemical hydrogenation with borohydrides
and lithium aluminum hydride.
b. Waste o0il characterization.

8/15-9/15/73 a. Chemical hydrogenation with borohydrides.
b. Waste o0il characterization.
c¢. Ammonium hydroxide and heat treating of
raw crankcase oil.

9/15-10/15/73 a. Chemical hydrogenation with borohydrides.
b. Deodorization with KOH solution.

10/15-11/15/73 a. Chemical hydrogenation with borohydrides
and sodium aluminum diethyldihydride.
b. Deodorization with KOH solution.
¢. Hy804 solution pretreatment.

11/15/73-3/15/74 a. Characterization of wastewaters

b... Characterization of oil feeds and
products.

146



APPENDIX C

CONSULTANT'S REPORTS ON WASTE OIL FILTRATION
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L 76-70 172ND ST., FLUSHING, N. Y. 11366 212} 949-9794

Septender 29, 1972

Hr, Sol Raizus

Project Dircctor

Naticnal 01l Rocovery Corporation
P. 0, Box 338

Bayonne, New Jersey 07002

Bes Contract No. 68«01-0177
8ubject: Spwoial Report on Filtrstion
Procedures

Dear Hr, Malzuss

A pey your yequost, I have prepared for you a
ccuprehensive preacntation of our erfforts rolating to this
method of separating solid waste ocntaninants froa oil.

¥o are caitting the obrious end obvicusly discarded
mothods such as plate and fracs prosses, intormittent paper -
filtraticn and organic menbranes (fer the filtraticn of sube
micron partioles), The latter, because they ars nainly used
{or ;xoluzaenh. are far togdexpensive and the flow rate is
ow,

Our survey, therofore, extended over induztsially
suitabls types inciuding cdgae typs filters uhich are capable
ef removirnz particics of five picrens and vp, Scne of these
sypteny require the replaccment of the filtor madia upen use,
Soxd are seif sloaning by rovorse blowinz upcn doposition
ef a £8l%0r colo,

An oxpnmvle of the formey is offoroed by the Biiliarxd
Corperpngion in Binira, Ne# Yooic, Tho eocapany rmanufacturss
& punbor of 4106 typo filters uvsing pedor, royca, fiberzlass
&nd eshaates ecabinoticas and stack mounted inte tubulor
ghaped elencata, The latter aolf ocleanins tyrs 18 oxozllifled
¥ Vexes Pilisr Divisica of The Carduell Machine Cezpany in
Eierncnd, Virginia wnich is the Aceriocon liconsdee of a
Britiash ocapauny,

4 further group of filters is represonted by
Farolateor snd Cuno, bheth oocmpanies locatsd in New Jersey,
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The former ocompany manufactures a wire wound filter element
of eylindrical shape which can be oleoaned (intermittently
or continually by hand or automatically) by a peripherally
attached soraping edge, In addition, Purolator manufactures
e line of nicrcnio rosin impregnated paper filters as well
a8 & thread wound filter cartridge known as miorc-pac for
every known fluid,

The latter ocompany, namely, Cuns Divisicn AMP, Ino.,
fabricates s metallis edge type filter oomposed of & statk
of stationary dises interleaved by ocorresponding rotating
wipers or slzaning blades,

In addition to the manual as well as the automatio
vereioa of this oleanable or self ocleaning deviece, the
conpany, Cuno, offers sintered metal fllter elements, mioro
screen cartridges, asbestos and oellulose discs as well as
pleated paper filter elements.

Both types of self cleaning filtors described abeve
exhibit element spacings of the disc stack ¢r wire windings
in the order of ,001 to ,003, thus setting a practical lower
limit of 25 to 30 microns as the Cilter oapability,

It soeme olear from our investigations tha’ the
filtration of gelatinous media carrying subemioronio
ocolusions presents a formidable problem to the separation
offort. Thiz is highlighted by the ultimate breakthrough
of sub=picroniec particles into a highly ocmpressed paper
filtor disc after initiasl olear oil flow had been obtained.
Thie was our ezperience with the Vokes filter which in all
other respects is a superbly servioceabls device, Onoe
started, the sub-mioronic contemination of the interior of
a filter media will certainly preclude sny further cleaning
and ocontinued plugging end mioro-meritic bridging in the
riltor pores leads to ultimats slogging., It is, therefore,
obvious that contomination muast be held at the filter edge
and 1t is clear that prior aggregation of the eclloids as
well as peptization of the gels is of utmost importance for
the feasibility and eoonomy of this separation procedure,

A further effort derivad from the sbove conslderations
a8 well as our success in oonvinoing EPA that the waste oil
residuc should not be burmed but reclaimed and sold as & useful,
velunble gonstituent oontaining lead and other metallie
compounde, This residue is probably best produced in a
ocontinual process whisch precludes the neceseity of batohing
and @oreping of the putty-like substance (which 1s not readily
ejocted automaticaelly from a centrifuge or filtration
equipment},

149



Nr. Sol Mairxus -3 - Septenber 29, 1972

Consequently, we evolve the notion of discarding the filter
medium (papoer) with the retained residue, Such a devios

¥nown a8 the Trcamel Vaocuum Filter is made by Teohnical
Pabricators in New Jersey, In it a newsprint type wed

is led over a drum whioch 18 conneoted to a vacuun punp,

The drun ia imnsrséd inm the fluid to be filterod end deposition
18 oontinuous and would permit the ensuing sandwioch of filter
paper and ‘putty~like residus to be rolled up like lozs, a

very oonvenient form of packaeging and transport indeed,

Our previou# two progress reports reoommendsd that
we proceed to examine filtration as a practioal meane of
separating our ocllected waste constituents,

Since the above mentioned Trommel Filter is solely
operable by vaocuum, we may incur scme diffioulty if we
intend to use alochol or other relatively low bolling
diluents, One would have to resort to some form of ocooling
of the feed stock or preferably achieve a modification of
this filtration method to allow for pressure rather than
vacuur oporation, Such & device would have to avail itself
of a sealed chamber and we would be obliged to study the
patent structure of the Trozmel Filter to ingsure that no
infringsoent exists,

Additionally, we have reccommended that the use of
filter alids or polyelectrolites such as Hercufloo be
oonsidered, The latter is organic and thus auto-degradeadble
in the following processing steps, Diatonaceocus earth as
well as olay ooculd easily be used in small quantities and
nay sven take the placs of the more expensive chemical
coagulants now being considered, The addition of a small
snount of Diealite or Filtros should addilittle of
significance to the 26 elements already sent in the
lube stock in their yvarious phosphate caloium compound
combinations. The subsequent reclamaticn steps conducted
by the spolting ooppanies must oertainly inolude leaching,
Toasting or reduotion steps capable of digesting such filter
aias, It seim# dbvious that their use would materially
influence tho ease of deposition and filtration rates as
w»ll &8 nsoets. One might envision this as an adsorpticne
aggregation Liltration offeot in a single step,

Dayond the above presentations, we have researched

the efforte of sepsrators for the trestment of industrial
and esnitary waste, These inolude the Cata-Sep 0il/Water
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Separators effored by the Pollution Contrel Division of FWI
in Tulssa, Oklahcma, in additicn to the SAS System produced
in Sante Ana, California and waste water treatment stations
utilizing tilted plate separators as manufactured by Cabinet
F, Guigues in France,

The Cata~Sep process utilizes in sddition to a
gravity ®eparnticn system a unique catalytic coll to recover
gasoling, fual cil and other lube stocks frem wator. The
catalytic ccll 18 recleansable and 18 capable of scparsting
varying azcunts of oil from 20ppm to several percent froa
Jarge veolunes of water, This process will effootively broak
al) oidl/wantor emulsions but it is pot olear frcm the literature
submitted to us what effect ollwtted solide would have on
the eotivity of this squipment,

However, this effect ig not in doubt with the SBS
System which utilizes what 18 essentially a fidbrous resin
bonded coagulating cartridge which is good for ane half
sillion to one millicn gallons at a flew rate of approxirately
ten gallons per nminute. These cartridges are used in parallel
multiples thus poxuittimg the btulld up to any fleow rzate
required, Thsir dimensions are as followa: 22" lcag by
6" in diameter and ocetimg $27.50 per cartridge, A4 similarly
dimensioned pre~filter cartridge which is rocomxmended for use .
with waste conteining large amounts of detorgents or oll
watted solids sells for $14,.50,
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FEP0 172D ST., FLUSMING, N. Y. 11366 1212 9899794
Hovauber 30, 1972

¥r. Solfred Maizus

Project Director

Natidmal 01l Recovery Corporation . L
P, 0, Box 338

" Bayonne, New Jeraey 07002

. Res Contraet No, 68+01-0177

éuquoe; JKonthly Progress Report #9
11/3/72 + 12/3/72

Durlr. Kajzuss -

o This will apprize you of our prozress: durmx the
T proeounc maonth to dates

- 1. The following represents an' exhaustive
. . trsat¥ent 6f filiration efforts to date
. and I thiuk 4% slso represents ths state
- 7. of the art as applied to eur specific
T+ yrotlems, To recap briefly: we were
. ;::ﬁ”"ﬁ’ given & paximmh flow rate of
S e er square foot of filter surface
SRR - / hmm Patpicators.. This extremely
Y ew us to oemtaot
) Tolhurst, & Divisién of Anetek, regarding
. parforated mmumu The thinking
U deltind -this umove wse primrily to provide
. . swoh greater press ﬂhm oould be
. ulsl.weﬁ vaguus filtration and combined
L. s -7 wikh Ghe afventages of a dluposable liner.
s T I ied ronlm with this equipment indicated
L & drhostio inprovement whish oould, however,
not be maintalined for any length of time due
%0 early blinding of the filter medium. The
aédition of dintonneceous earth resulted in a
rate of Jgpm por square foot of filter
surface end up to 6 gallons througheput
" .before blinding ooourred. The process, as
. ecatenplated, reuoves a 5 to 10 nid) layer of
the precoat per rovelution., However, despite
: . the satisfeotory filtration rate, the
T . dieposel problemrof over 10,000 1lba, of’
: ., dietenacnous earth per day for full refinery

e 4. ' T
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operation 18 considered unacoeptable,

2, Since it was not olear whether the thickneas
of precoat whioh had to be “"shaved off" was
due to the diffioculty of controlling a finer
out or because of sludge penstration depth,
%6 once more awung over to Technical
Pabricators with a request to preoccat the
‘noweprint filter mediunm used on the vaouum

~ drum, By this device, we were able to '
increase the flow rate from the previous
2gph to 10-l4gpm, In this effort the
diatomassous earth precoat was sprayed
on the paper, but again filter aid use was
considered to be wxcessive,

3, Up to this point all teste had been oonducted
with dilutione of Butanol in ratios of 2 to 1.
In an effort to gat rid of the filter sid, we
decided to test some 4 to 1 dilution ratios
and found that a batch, vhich had been prepared
sone weeks ago, now yieided considerabviy
reduced filtration rates than had been obtained
when this piXture was freshly prepared, Ve,
therofore, made up anothey gquantity of 5
gallong eomsisting of 4 parts Butanel and 1
part lube oll stock, To one<half of thia
quantity (2-1/2 gallona) was added 300c¢c.c, of
‘Pontane in an effort to produce a “drier”,
1.e,, less gelatinous deposit, 7This freshly
prepared matarial was filtered without filter
ald at the rate of 17gzph for the part containing
Pentans and 20gph for the pure Butanol mixture,

r

&, Coneidering all factors such as equipment costs,

K btased on processing speeds as well es material
expente end disposal problems, this represents
provably the optimum result to date. At the
drun velooity of lrpm, we would coensume
epproximately $40,00 worth of paper per hour
when procsesing 400,000 gallons per day. The
paper is, of course, oonsumed in the reéclamation
of the metals from the sediment and presents no
disposel problem whatsoever. ’

" §, Ono edditional altornative 18 comteined in the
proposal by Ametek to conduct further tests at
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-«mnlr East Noline,; Illinots hboncm
ueing Solka-Floc in place of imorganie
filter gids. This substitution would
also- e} $é ths disposal problem end
quite probably result in further
inornud through=put rates,

SOMNENTARY
This work was oonducted with specific emphasis
on continuodous opsraoticn ss oompared to the intermittent
removal of centrifuge sludge. 48 ‘we pointed out previously,
our filtrate is an unusually difficult combination of small
and sub=mpioren particles in gelatinous media end is thus
- oxtreroly hard to separate, Additionally, the material
~ exhibits e tacky oonsistency thus complicating its. removal
froa equipment surfaces even further, For these reasoms,
we have concentrated on the ablagive teohnigues described
above snd feel that similar techniques pight be inveatigated
in eamocuaa with the &i#ti}letion equipment used,

/oy -
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RESULTS OF CENTRIFUGATION TESTS USING A
BOWL TYPE CENTRIFUGE

Crankcase oil

The feed sample of crankcase o0il when analyzed by the high
speed "Sorvall" centrifuge gave a sludge value of 3.8% by
weight. The effluent of the chamber type clarifier, when
run under a flow rate of 100 gal./hr., gave a value of
2.7% sludge. The efficiency of the clarifier was there-
fore an approximate 29% when running at 8100 G and™ "'~
residence time of approximately 10 minutes.

The accumulation of solids product varied from 19 1lbs./
1000 gal. run to 13.3 1bs./1000 gal. run. Analysis showed
13.5% lead content.

Crankcase o0il treated with solvent (n-butanol)

The crankcase oil was treated with solvents at the ratio
of 1:1 and 1:2. Since agglomeration occurs with solvent,
the analysis of input feed is critically dependent on
sample taken. Because of the time delay in workup and
transmission of proper samples, a great variability was
found in the sample workup. A typical effluent using an
0il/solvent ratio of 1:2 yielded a 0.07% solids content.
The actual run using a 1:2 ratio gave 10 lbs., of sludge
per 130 gal. of oil, and with a ratio of 1l:1 yielded 7
lbs. of sludge per 100 gals. of oil. The efficiency of
agglomeration is evident with the solvent as compared
with straight crankcase oil (1.9 to 1.3 1lbs. of sludge
per 100 gals. oil) and with crankcase oil diluted 1:1
with naphtha.

Analysis of the solids obtained from a 1:2 centrifugation
run vielded 15.9% lead.

Berks 0Oil

100 gals. of Berks waste oil bottoms were centrifuged as
obtained and 23 lbs. of solids were collected. Analysis
of this 3olid for lead showed an 18.2% content, a value
which is of interest to metals re-refiners.

Coal Tar 0il

100 gals. of coal tar oil pumped from $105 tank was fed to
the centrifuge. Solids buildup was somewhere between 20

and 25 lbs.

Preceding page blank
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CENTRICO, INC. PROCESS RI:PORT
O Nornwate (] Baimont, Caid [ Chiceyo, i, (] Wover Hoven, Ha By. AL_isNOTR
) 8untup QFwid Tost [1Processhork #___png 568 pue 9-18-72_
Company . _NATICUAL QTL RECOVLCRY CCSP, (NORCO). Contact Mr. DP._JT._Coyer
Addrars P.0, Box 388 Pnone o, 11377300
Gy Bayonne sue  New_Jersey Crargo Code MJC
Type KG-10008 Sor. # 1611 657

Clarification on erankcase oil :
Flow sheel # P.8LO. & tow. Pan @

WACHINE SPEGIFICATIONS

Bowt me . $128 Mowist of Bowt ___Carbon_ steel linedmuith 31:%§
CPA Ught Psws MM, Henvy Phase == MM, Ring Dam. Light Phase == _____ MM, Heawy Phase = e
Dise Got Dia. [ Normal [ Special == MM, == __ MM $pacer, Ruging Channel: () tnner ] Canter [ Cter [} Siottad [ Biaz
Femarke:

2 chamber bowl

PHYSICAL DATA OF PRODUCT

Tephmbi 8ntieF, viscony . B0 o8, pHvaies __HU,
Sonds by vohume . 925 __ %, Spun __8. minvies @ _os Ugnt prase —99:5 % basw Prase ==~
@p. Grovty: Uuid -0 82 Bwoge.. 1. 25 LightPrese Haavy Prase
Crarectoristics of Sokda: [ Texiv (] Atraive @) Sticky [ Fibrous T Flufly [kPacks. Charscmnstics of Uquids: [ Cocotva (J Foamy [ Taxe
Cust fisgts. Pais: Heavy Phose PSiQ. Light Phese —. .15 ___ P31, Efficency
natms.

Solids digcharge & = Trace

Romaria:

Feedrate 100 gal/hr for 10 hours.

Upon opening the bowl, kthere vac found~5 gal. of water, and
18 ibs. of solids sludge.

Custoner requests 50 1bs. of solids sludge (47 1bs.)
Puture runs will be made with solvent added to the crankcase oil.

lmechemant OK ® Fir

ENGINEERING
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CENTRICO, INC. PROCESS REPORT

X Nornaie [] Bemont, €4, [) Cwcaga. W, nwmnm By AL _LANGER
O un-wp [} Peid Test (1Pracess Mol # # . S66 . Oue: 9-22~72 —
Compony HATIOUAL OTL RﬁcochY(ncrcm cossct e, Do J. Cever.
actew __P.0. BOX 388 Pnone Ho#377303
owBagopna .. suw New JARSAY .. Crerge Code

Kn=10006 161} 697

£1mmmm_umm_m_mu_wsal Fkeodl
n-m [ ¥ YN - st Plan §.

MACHINE SPECIFICATIONS

Sowi APu, 2128 Watericd of Bow __Carbon_seel lined with 316SS
CPA Light Phase MM, Heawy Phess MM Ring De. Light Phase = M, Hosvy Phase " [*7]
Oisc- 80t Ola. [J Mome! (N Sp0cial 22 MM, _==_____ MW Specer, Aising Chennel. (] lnner ) Center ) Outer ] Siotted [ Biind.
Remars:

2 chanber bowl

PHYSICAL DATA OF SROIUCT,

Terp Auhiants, vincosty .3 .. CPS. o Ve
Seitn by oo, BB %, Soun A minum @ &0 Uight Pruse _ 98,5 . wewy Pz ______ %
Charssaristics ¢ Sarids: (5 Tawia [ sbcrewe 13 Sticky [ Forous (] FlutlyXXPacks. Charactaristics of Liguizs: ) Carroswe (] Foamy K] Taxic
Cwl Ress. Ratw: Mowy Phase —ma___pSiG Light Prase .30 N

Discharge 1.5V solids
[*==—

Tozt No, 1: Mixed rllh;s af 100 gallons crankcase oil and 200
mﬁ;’ T :LW- 'settiate 100 gal/hr. Running time /3 hours/
L3 b

% Wiiod product of 100 gallons crankease oil and 100
) datyl aicohol. Feadrate 200 gal/hr. Running tine

m&m_z Solide in feed: ¢.5%
;:1“- in disqgl : Trace §

Gravity: Liqu
1?9 Srevity: Sludge: 1.48

1

]

To | Action Cony |l

o CRET o OK w i

ENOIERAING
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WO FAINAY COURT, £.O BOX 178 ¢ NONTHVAL S, HEW JERELY OTE4T * TEL. 01 VET.3000

CENTRICOQ, INC.
January 11, 1973

Mr. N. J. Weinstein
RECON SYSTEMS, INC.
Cherry Valley Rodd
Poinceton,  Hew Jersey 08540

Dear Mr. Weinstein:

Enclosed please find a copy of our general catalog as well as
the separate sheet covering the KC-10006 which is basically the
sams machine which was run at National 0il Recovery on your pro-
duots. The 2 basic types of machines which would be applicable
for this project would be the desludper type and the cha=ber
bowl typd, both of which are described in the bulletin. It is
in our opinion doubtful if the desludger type would be sble to
conaigtently discharge the hard packing solids completely and
thmhL::n at the present time we would not recoumend such a

Bao] .

The chamber type bowl-KG-10006 has a maximum G rorce of 5u00.
The approximate price for such a machine would be $18,000, in-
cluding the motor. Strictly for comparison's sake, a degludger
gfocgymimnly the sane size would have a price of roughly
40,000,

We hope the enciosed information will aid you in determining
the feasiddlity of applying centrifugal means toward a solution
of your prablem. It is CENTRICO'S feeling that this is not an
fdeal application and unless the economic side of it looke ex-
tremely Jood, we do not fesl that ocur equipment is applicable.

If you should hawve any further questions or if you would like

to visit with us and discuss the project we would be happy to
do our bast to assist you at any tims.

Very truly yours,
CENTRICO, INC,

\).L—"“W
Our Ref.- PRA 566 Y. Lindensan
- - Process Engineer

CENTRIFUGAL BEPARATORS - CLARITIERS CONCENTRATONS
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Chamber-type Bowl Clarifier Model KO 10006
(Supplementary leafiet to KO Pamphiet 3545/687)

Since 1969 WESTEALIA SEPARATOR AG has extended the KO range of clarifiers to include model KO 10006

in addition to models KO 2006 gnd KO 8006. The previous type KG H has thus been replaced by a mate

modern version of the same capacity. Particularly the ﬁm'ng; of the KO sange are arranged in a clearer fashion
e

than those of the old KG type clarifiers. The fittings can be easily rel together with the hood permitting

quick access to the bowl.

Technicsl data and capacilies

Modgi KO 10008 Waight of complete machine with motor net kg 1130

Two-chambe: bowl total capacity  litres 765 net |bs 2500
sludge holding capaclty  lires 85 gross kg 1370 1

Siu-charber bowl total capacity litres 75 gross Ibs 3000

sludga holding capecity  llires g0 Packing case dimensions frame with motor length in cm 166

Mator power kW ] in inches 65

np 18 width incm 96

Bow! Lored® pm 4500 In inches 38

Capucities ™ o’ beer woit up to  litres/h 10000 height in cm 125

Img. gala/h 2200 In inches 50

US. gais./h 2640 Packing case dimensions bowl length incm 71

Fruil juice upto fitraw/h 3000 in inches 28

tenp. gals./h 660 widthincm 7%

Us. gala./h 790 In inches 28

Red wine up t»  litresh 5600 height in cm 70

imp. gals./h 1230 in inches 27

US. gals/h- 1480  Weight of bowi net kg 400

Capacities ** Molasses upto kg/h 3000 net tbs 1000

Ibs/n 4600 Qgross kg 460

Hot clear varnishes up tlo  kg/h 5800 gross jbs 1010

tba/h 12300 Clarifier models KO 2006, KO 8006, and KO 10006 meet the

Liquors up to  Iitres/h 11600  requirements of the Federal German Physical and Technical

imp. gals./h 2400  Institute (PTB) and may be used wherever explosion hazards
Us. gais./h 2900  exist.

° Toe speac depsnds on the spscific gravity of the feedstock and on the bowl meterial used. It may therefore difter from the normai speed given above.

** The hourly i depend on temparature, diff: n Hfic gravities of teed: and solid m
) Y. 3 or p atter, character of the soli
and the desired degrae of purity of the clarified liquid. 1t tha particle size of the solids is very smatl and there is fittle di ce b — l::.romov_aq.
gravities of s3tids and hiqurd, the hourly capacity must be seduced to exteng the retention tima in the bowi. Tha ity of m; bowl

is, howevar, considerably higher than indicated.
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APPENDIX E

HYDROTREATING ANALYSES AND DATA

Catalvtic Hydrotreating Experiments
Hydrotreating Feasibility Analysis

Hydrogen Consumption Bomb Tests
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CATALYTIC HYDROTREATING EXPERIMENTS

SUMMARY

A sample of combined sidestreams obtained from the
vacuum distillation in the National 0il Recovery Corpora-
tion's plant was hydrotreated by Hydrocarbon Research, Inc.
The color improved from 8 ASTM to 3 ASTM, and the API
gravity increased by two points. The color and odor were
excellent and it was indicéated that, even after two days
standing at room temperature, the color was maintained at
this high level.

In addition, the Hydrocarbon Research Laboratory per-
formed a vacuum distillation on a full waste crankcase o0il
sample and then charged this sample immediately to their
hydrotreating facilities in the pilot plant laboratory.

The vacuum distillation was operated so as to cut into the
waste crankcase to the extent of allowing the production of
only ten percent bottoms. This sample was indicated to be
darker in color as feed to the hydrotreater than the pre-
vious NORCO distilled sample; however, the product after
hydrotreating was of higher color quality than the previous
sample, and the odor was identical.

There were no operability limitations or any indication

of undue plugging of the catalyst. The pressure was 600
pounds per square inch at 700°F.
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PRELIMINARY NORCO WASTE LUBE OIL

HYDROTREATING STUDY

Report By

W. C. Rovesti
R. H. Wolk

Hydrocarbon Research, Inc.

Laboratory Report Number L~1236-501

April 18, 1972

le3



T R N R, R e
wobe A T ' X o "’").."{- N " e
. A T . e T e b o

i

i

t
5

INTRODUCTION ~ *  °° - ‘36

)
N

. The sucaessfuf reciamatien of waste crankcase oll Is lmportantv'
both for the conservation of our natural resources and for eco-.
Jlogical considerations. "In otder to reduce a suspected tendency
to dispose of the waste of! in a manner which 1s detrimental to
the env?ronment, e. g., dumping on the ground, Into sewers or a
convenlent waterway, It 1s desirable to be able to convert this
mater!aiﬂlnto saleable'products. Simply burning the waste oil
tn addlt!on to heavy fouling of combustion equ!pment, results
‘In the release of lts heavy metal contaminants - tnto the atmo-

‘ 'sphere where they could become a serlous alr pollutlon problem.

'

,”'!

The Nat?mnal Ufl heeovery Cofporat!on (NORCO) waste ol!l re-re-
finery 5n Bayonne, New Jersey recovers three slde streams f rom
a vacuum dfstiiiatﬂon tower: a light fractlon, diesel blending
componéﬂts, and fuel oil. All of these are dark in color and
centa[q?uarylné amountﬁ of tarry components. A blend of light
and heavy side streams from the vacuum dlstll[at\en was found
to contain small amounts of a solld resldue’which Is thought
to form upon standing. These polymeric solids form a rather
stable %floc“, thereby causing the product to have an undesir-

able coior._ The perslistance of an offensive odor also detracts
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from the salablllty of this product. , ‘j" F~}
LN ‘ Bl "

"y ‘ ' ' ‘
in ordef to s tudy means by which the qual!ty of thls blend of
' the light and heavy side streams may be Improved NORCO has

W/

;commiss!oned HRI to carry out a short term study to determlne
the-effect of hydrotreating on the product qual!ty. The intent
of this study Is to provide preliminary data rather than to es-

tabiish»optimum operating conditions and catalyst or provide

data on catalyst deactivation, etc.

165



¢ Roa sl - SUMMARY AND CONCLUSIONS . . .''i  n @ .

a

A prelimlnary fixed-bed hydrogenatlon study was performed on a
~.hJend of slde streams from the vacuum dlstlllatlon of waste

| crankcadeﬂpil carried out at NORCO's Bayonne New Jersey re~
lfref!nery ' Freshly dlstilled heavy vacuum overhead prepared at

HRI was aisp hydrotreated as part of the study. The laboratory -
Z_I dlstll!ation was carrled to a higher end point, and thlS yiefded
‘a higher proportlon of distillate and a substantnally lower
‘fquant!ty of vacuum bottoms, The object of this work was to de-

termine the effect of hydrotreating on product quality, especially

color, color stabi!1ity, odor and metals contamlnants.

Based on the results obtalned during the course of the study,
the fol?awlng can be concluded about the eFfecr of hydrotreating

.on product qualiity.

1} A substant!al lmprovement in color and color|stabllity for

the 'side stream biend provided by NORCO,

{

2) An even greafer improvement in color, which was stable, was

obtained for freshly distilled feed.

3) Removal of offensive odor found for both feeds,
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4) Apparent reduction in lead (the major contamlinant) content

by w@l] over an order of magnitude for both feeds. -

in addié?on,(n; problems with the operability of the f!xédﬂﬁea
hydrotreater wérefencountered‘after a total}df,67 %oqrs oﬁr
stream u%t:{g both-the NORCO blend and the freshly distlll‘écllj ‘
feed, | . o j ‘

in summary, the results of this study indicate that hydrotreat-
Ing may be a very effective way of Improving the product quality
and salability of products from the reclamation of waste craﬁk-
case ofl. The pds}tive results achieved during this test program

indicate that additional laboratory and engineering work is justi-

fied In order to arrive at an optimum processing scheme.
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EXPERIMENTAL . L

Three liquid samples from NORCO were received on March 21, 1972.

These were labeled waste crankcase ofl (HRI 3343)i light side.
stream (HR! 334k4), and heavy;side stream (HRI 33#5).‘ A repre-
sentatfﬁe sample of the waste crankcase ofl was téken-fqr analy-
;es, quever, no analyses* of the light or heavy side streams

were made, - All analytical results are presented In TaBIe}I.

~
o

A blend (L-322) of three volumes of the 1ight cut (HRI 3354)

and two volumes of the heavy cut (HRI 3345) was prepared. This
preparation was repnrted to be the same as that produced in the
NDRCO vacuuﬁ distillation and constitured 65-voiume.§ercent of
the distilled procuct. Approximately 20~volume percent éottoms
and 15-volume percent Alght overhead were produced in the plant

distillation. Analysls of the blend is also presented in Table

L

* NORCO reports a grav!ty of 31 to 31.5°AP| .for the light cut
and 29,5 to 29.7°AP! for the heavy cut.
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'and th% 99 v 5 end po:l.nt was 940°F. o

Fixed Bed Operation hh‘ﬁ‘ _ C SR

W

- '»v‘:v“(‘f; oo ‘ oo N
L I
f.* 3
g

————— - —e_y..

The NORCO side stream blend (L 322), and subsequently, fresh!y

i
t, V y‘

prepared heavy vacuum overhead from the dtstillat!on of, the

waste crankcase oil, were hydrotreated in a cont!nuous bench-
scale, fixed bed pllot unit.; A once=~through operation with no
recycllng of elther liquid or gas was employed The catalyst
used was a commercially avallable 1/16" extrudate hydrotreating
catalyef; The catalyst was presulfided brfor to use. Operating

condittons employed were:

Hydrogen Pressure - - 600 psig
Temperature - 7J00°F

. Hydrogen Gas Rate | - 1500 SCFB .
Liquid Volume Space Velocity - 1,0 Vo/hr/V¢

Catalyst®*
The hydrotreating operation (Run 18:k=131) was begun Qith‘the
NORCO side stream bienq and after a total of 44 hours of con-
tlnuous operation, the,heavy vacuum overhead from the flrst '
-batch dSStiiia*Ion was fed to the unit. Subsequent distillations
were carrfed eut to provide sufficient feed. The heavy vacuum

overhead was hydrotreated for 23 hours before a voluntary shut-

down of the unit was made,

'*Amérid%n Cynamid‘HDS?3A Nickel/Moly 1/16" extrudate
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' f
( ;

Histtilatlon of the total waste crankcase

. M\'rj .

o
“t

oIl (Ha|»33h3)

.eonﬁauireshlyhpreparedeintermedlate fractlon dlstllled under
condlt!qns whar¢ a mlnlmum of lO-volume percent bottoms are N

~produced.£ The d!stillatlon was carr!ed out ln a batch still

. {m P

(Unlt 200);* A charge to the stl1] was approximately 3500 grams.

Several dlstlllatlons were made in order to provide sufficient

7

feeds for the hydrotreating run, described later in this section.

. ‘
] .~’»<

l

A sample of tha heavy vacuum gas oil (L-323). thch was Fed to |
the ftxed bed unlt durlng the 8~hour test per!od (lSh-lBl-
' ' Perlod ;D)uuasﬂanalyzed.. The anaiytncal resulaséare presented
in Tab!é‘le‘\The vacuum distlllation employed ln-;he preparation

of L-323 was carrled out to glve the following cuﬁs:‘

i

Fraction : Weight %

Knock Outs Plus Light Vacuum Overhead ’ 18.3
Heavy Vacuum Overhead (L-323) o 76.6
Vacuum Sti11 Bottoms o f ' 5.1

+ The chargeigL-323) to the fixed bed hydrotreater (Unit 184) during
Perfod 3D had gravity of 29.8°API compared to 30.5°API for the

'NORCO side stream blend (L-322). The IBP of L-323 was 492°F
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.. RESULTS

ol ’ t
X .

4
1

. .
LS

,‘u"

A totai of 67 hours of trouble-free operation wefe carr;;d out
uslng the two Feeds. There was no apparent difference between
the NORCO blend (Lw322) and the freshly distiiled heavy vacuum
overhead (L-323) from the standpoint of operability over the

- short-term, fixed bed hydrogenation run.
o, ""ié'

w oy v H '

,‘ s KR

Anathiéil“ResUlts

The analyse$ carrfed out on the total waste crankcase oil (HRI
3343), the blend of NORCO side streams (L-322), its hydrotreated
prnduct (lBh-!Bl 1B), the freshly distilled heavy vacuum over-
head (L~323), and its Wydrotreated product (184-131-30) are sum-

marijzed ln Tabie Y

Tﬁe metal analyses were run using atomic absorption spectroscopy.
Both hydrotreated products contained a small amount of dark par-

ticulate matter which readily settled to the bottom of thelr con-
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K

i

v\‘ v
i W N

tatuers”}wﬁhﬁ samples were decanted to avold posslble b!ockage '
°f the atom!e absorptton unnt burner. Therefore, the metal i
,;u, o ? r B o

analyse; o

..“Ihe‘ASTﬂlcolor was run accordlng to the ASTM standard DlSOO-Bh

Ja - ".

Hydrotreated products were purged with nitrogen ln order to re-u

. wove the dissolved HzS prior to running the determ|nation.;

Both products were'"sniffed" after being purged wlth Nz to re-‘
~NOYe dlssolved” st The odor characteristic of the feeds

- appeared‘to be absent,
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T:3LE 1
SUMMARY OF ANALYSES FROM PRELIMINARY MORCO HYDROTREATING STUDY
Total Waste NORCO Hydrotreated HRt Vac. Hydrotraated
Crankcase Side Streams Product Distill, Of Predecse
oil Blend (From L-322) HRI 3343 (Fram L=323
HRI_ 3343 L-322 184=131-18 L-323 18L-171-3D
v%s 0,22 £o.07 - £o.07 S 0,31 <o0.07
*AP| 25.2 30.5 32.3 29.8 31.9
vV % (18P-400°F) ——- S L2 ———— &3
-V (18P-600°F) -  mee- 8 ———— 5
N, ppm 804 256 79 327 22
PS5, ppm ** - 2 0.05" i1 9,12
ta, ppm ** e 0.25 0.05 0,02 5.02
Na, ppm == -one N.D. N.D. N.D. 5.0,
Fe, ppm ** e 0.37 0.97 0,7k c.8&
W% Ash [ Y wena ——-- ————
ASTM, COLCR
inftial , D8 L7.5 L35 L7.5 L2.8
& -k vaars e - il L,g(s’%”‘ L7.5 Lol
A t = 4B Hours ——ee L7.5 &zﬁ A5 2.5
O t= 96 Hours haiid e ’ ? H ,‘L7-5 L2.5
RS oo *:2 )
VACULM DISTILLATION L ' )
_CF) A M .
18P {05 Lo8 418 kg2 L LEs
5v% e 598 g3 640 .
10V Y 585 (650+) g:s 676 62t
20V 7% €92 672 ; 715 €75
30V % 730 ., 698 670 7™ 716
bgvey 755 7 728 fon . 7719 742
50V Y% . 786 756 ™ 795 7o4
60V % 315 778 755 8ob 806
-0V % 849 S -_796 772 -—835 e27
B0V Y 892 815 790 850 ]
SOV % glLs5 841 825 880 £89
(Cracked)
S5V % e —on 856 897 -—--
PV YLEP. N 925 885 940 ol

=

.D. = Mine Detected
= Denotes temperature at 12,5V %
= Samples decanted to avold getting settied particulates into A.A, burner,

:t’l-



Harch 7, 1973

Mr., Solfred Maizus

President,

NATIONAL OIL RECOVERY CORPORATION
P. O. Box 338

Bayonne, lNew Jersey 07002

Dear Sol:
I have drawn the following observa(?ons and conclusions

from my inspection and analysis of the [Pixon data and other
data available on distillate hydro

1. idydrotreating a lube o obtained by
vacuun distillation of ecude wast¥ oils can
provide a product whoge yrooverties are similar
to a typical 150 V{s<ieutpal Luba Base Stock,
1nc1ud1ng satisfactor lor, color stability,
carbon residua,s, 8n sion properties.

l le¢anst five diffarent waste
olls have bean' ggpn traated effectively:
two 4if t\caealysts have been used; and
tenparAtnrds ha anged £ron 5509P. to 700°F.

3, é;nqe t) continuou- oporation. about 1900

ad with no noticeable catalyst

4. Hydrogen consumption dats was not obtaided in
any of the work reported.

8. ¥From thecretical caloulations based on feed and
product properties, I expect that hydrogen con-
sunption may he close to 150 3CF per barrel of
distililate, costing about 1¢/gallon of raw feed
{for hydroqan purchased at $4.00 per 1000 SCF).

6, vxﬂ@pt for NORCO's own work, no inforrmation is
available on corroelon, fouling, product perform-
ance ar a lubricating oil, or methods for metals
raecovery,

174



Mr. 8. Maizus -2 March 7, 19713

In order to firm up the technical basis for completing
the development of “the vacuum distillation/hydrogen treat-
ing process, I recommend:

1.

4.

s,

Batch bomb tests in NORCO's laboratory for pre-
liminary hydrogan consurption rmeasurements. Dr.
Geyer and I are already arranging such teats,

Flow axperiments to he conductad in an outside
laboratory to firm up hydroden congumption. 1
have discussed such experiments with Sun 04}l Co.
This should involve about two Wweeks or less work,
if hydrogen consumption is reasonable. The
experirental period way be lengthened if a vara-
meter study is reqiired to minirize hydrogen con-
sumption while making satisfactory product. It

is also proposed that the_Sun swork include certain
performance capability tests _.gssoutlined in their
lettar of Fabruary 1% 73. H ill alao be
contacted to ascerta r inteYest and ability
to carry out this

st of choice. 1In view of
o, I consider this test
8 to delay initliztion

8 complate.

A 1ife test on the

the favorable,da
to be non-ork%féi%\a
until the abéve wor

8 to provide a basis for

7 problems., This should be started
re to meet our previous schedula.

ss this with you within the next

Continuving research on metals recovery from the
distillation bottoms product.

I have attached soma of my most pertinent calculations
and data summaries for your uss,

NIW/qte

8incerely,

Hornan J., Welnstein
President

Enclosuraes

co: Messrs. R. Xepplur

J. Geyer
E. Urguhart
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LUBE O3L DISTILLATE HYDROTREATING

PREOXICTION QF HYDROGEN CONSUMPTION

Basis: Exxon Data )
6500r., 630 psig., 1 V/V/Hr., 800 sCp/

HYDROCGEN
CONSUMPTION
SCP/B DISTILLATE

Aromatic Saturation 11
Desulfurization
Denitrogenation 3
Deoxyganation 30
Olefin Saturation .~ 5

153 scr/p

or 3.64 SCP/Gal.

: m = 1.46¢/Gal. Distillate

Por 0.6¢ Gal. Distillate/Cal. Raw Waste Oil,
Comt »- 0.,94¢/%al. Raw Waste Oil®

! \.
This conpares with 0.09¢/gal. Raw Waste 041 used.
in originsl esonomic study.

® This is essentially Case 9, Table 3 of the "Report to
NORCO on the Potential Profitability of Several Approaches
%> Re-Refining Crankcase Waste 0i1," N. J. Weinstein,
Janusxy 22, 1973.

RECON SYSTEMS, INC.
Princeton, . J.
H. J. Weinstain
March 7, 1973
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LUBE OLL DISTILLATE UYDROTREATING
MAXIMOM BYDROGEN CONSUMPTION CALCULATIONS

Distillate Properties

Gravity, ©ar: 29.8

Sulfur, wWt. % 0.31

Nitrcgen, Wi, % 0.04

Oxygen, Wt. § 0.35

lydrogen, Wt. 8 A 13.08 (from gravity
correletion)

lodine ¥No. 1.0

jur _iHydrogen Consurption
scr/3

11.3
5.0
50.9
4.6

871.0 (Based on 2 i atoms/C
atox)

942.8 3CP/3 = 22,5 SCF/Gal.
For 0.4¢/3CP i3, Max. Cost = 9.00/Gal. Distillate Peed
or 0.64 x 5.0 = 5.76¢/Gal. Raw Peed for 64% Yield

RECON SYSTEMS, INC.
Princeton, N. J.

N. J. Weinstein
March 7, 1973
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LUBE OIL DISTILLATE IYDROTREATING
CALCULATBD "JYDROGEN COHSUMPTION

BASED ON_ dYDROTREATING CXPERIMENTS _

8LT

BYXON (4) 4RI (7) - €00 PSIC 1YP-Lube
§50 neig.,l V/V/ir.,800 SCF/3 1 v/, hix. ,1500 SCP/3 rinishing (11)
Tevwp., °r. $50 §00 650 700 700 ? ?
gravity, Sarx
T FPeed 29.8 27.0 24.7
Product 31.9 28.5 25.6
R._Wt. 3 Ha{l)
~Feed 13.07 12.50 12.04
Product 13.46 12.80 12.23
0.39 6.30 "0.19
B. Wt. 8 S
Peed 0.31 1.8 2.0
Product <0.07 0.6 0.8
<0.31 0.9 1.2
C. Wt, 3 N
“Peed 0.0327 ? ?
Product 8.0022 ? ?
0.0355
D._Wt. % O
“Fee ? . -
Product ? - -
Celc. il Conaugption.
SC!L
98.2 103.9 109.8 219 255 194.4 137.7
n 2.4 3.2 3.9 -— <11.2 33.3 45.1
c 1.5 1.6 2.0 2.2 3.8 ? ?
D ? ? ? ? ? - -
Olefin Sat. ? ? ? ? ? - -
Total 107.TF IOBV7F ITS T+ 2712+ 270.0+ 237.T I8Z.§
Reported - - - - B 140 185

H)




6LT

Gravity, ©apx
visc. 2 100°.,s50
Vise. # 2109¢.,58¢
Viscosity Index
rlash Point, °p.
Pour Point. ©p.
Nagtr. Na.

CCR. Wt. %

Copper Strip Core.
Ask, Wt. %
Sulfated Ash, wWi.$
Water, Vol. 3%
BS&W, Vol. &
Sapon. Ho.

Pentane Iasol.,
dt., §

Sulfur, We., ¢
Hitrogen, Wt. §

Oxygen, wWt., %

RAN
WASTR
LUBE OIL
22.0-27.9 (2,4,6)
137-545 (2,4,6)
$3.4-95.8 (4,86}
127-136 (&)
175-400 (2,4.6)
(-30)~{-45) (&}
4.3-7.3 (4)
3.3-12.6 (2,6)
1.0-3.78 (2.6,7)
1.02-2.41 (6)

6.05-11.0 (1.4,6)

o OIL THMSPECPIONS
" BANGEY ENCOUNTERED

Approx. 2.4-15 (6)

11.3-35.4

1.%5-7.3 (1,6}
0.21-0.34 (4,6,7)
0.08~-0.21 (4,7)
1.36-2.25 (4)

HYDRO~ TYPICAL 150
TOAER TREATED VIS HEDTRAL RB-REPINED
gﬁg%ml’ DISTILLATE LUBE STOCE o1LS (8§,9)
29.8-30.7 {4,7) 31.3-31.3 {4) 31.8 (4 24.6-29,0
144~197.9 (4 1%6-162 {4) 187 (43 271-930
43,1-46.5 (4) £3.8-44.1 {&) 43.9 (4) 53.5-75.9
-165 (4) 101-104 (&} 104 {4) 88-1a5
410-430 (4} 415 (4)
(415} -(+20) (4)  +1S (4)
0-0.005 (4} 6.01 (&) 0-0.19
5.001 (4) 0.01 (4) 0.23 (9)
1-2 (&) 1 (4)
T?race (9)
0

0.07-0.31 (4.7)
0.02-0.04 (&,7)
0.16-0.35 (4)

0.012-0.07 (¢,7)
0.002-0.008 (4,7

0.08 (4)



081

?hogphetaus, we.d
Coiox, ASTR
Colox Stabllity

Metals, ppe
Lead

Sinec
Barium
Caleiur
Iren
Piwozide

Other Elements
(>1ppe)

RAW
WASTR
LIBE O%IL
$.655-0.11 {8}
Black {(4)

-

2000~-22,000
{4,6,10)

350-980 (4,6,10)
100-1008 {$,10)
700-2100 (6,10)
$3-2000 (6,10}
36 (10)

Casmn iyt

K,51,Na,5r,M0,
Ti, (6,10)

OIL INSPECTIONS (Continued)

VACUTN ' UYDRO- TYPICAL 150
- POVER PREATED VIS REAUTRAL RE-REPINED
DISTILLATE (3) DISTILLATE _LUBE STOCK oILS
0.001
3.5-8.0 (4,7) 0.5-3.5 (4,7 1.5 (&) -7 HPA
- 16-18 (4,5);
e £2.3-3.5 (7,12)
0.05-0.4 (7,10) 1 (9
0.3 (10) 0.5 (9)
) 1:'¢0.05 {10) 0.5 (9)
0.02-0.3 (7,10) X (9

=0.97 (7,10)

12 20

8,585,544

RECON SYSTEMS, INC.
Princeton, N. J. :
N. J. Veinatein
March 7: 1973
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HYDROGEN CONSUMPTION
BOMB TESTS

Hydrogen consumption bomb tests were conducted for
NORCO by Merck & Co. Two tests were made; one control test
with Nujol, and the other with a blend of NORCO lube dis-
t%llates. The oil recovered from the NORCO oil hydrogena-
tion was remarkably clear in appearance and odorless.

The interpretation of hydrogen consumption from bomb
test pressures is very difficult because a number of simul-
taneous processes can occur, and apparently did occur in
this work. These are catalyst reduction, hydrogen adsorp-
tion and chemisorption, H20 formation and condensation,
physical absorption of hydrogen into the oil, formation of
NH, and H9S (and possible absorption and adsorption), and
saguration of aromatic and olefin compounds. As shown in
Tables E-1 to E-5, and the attached figure, separation of
these effects was attempted.

The maximum hydrogen consumption projected from the
data for the NORCO blend was 70 to 160 SCF/B. It is believed
that hydrogen consumption can be kept at a reasonable level
as long as no aromatic oils are allowed to enter the lube
distillate boiling range.

The principle uncertainty in the range of hydrogen
consumption is lack of information on the estent of chemi-
sorption. This and other uncertainties pertaining to ad-
sorption, hydrogen solubility, and especially the effect of
0il composition could be eliminated by a series of bomb
tests. As can be seen from Table E-2, obtaining hydrogen
consumption information from oil compositions is highly
unreliable.
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1.
2.

3.

7.
a‘
10.

TABLE E-1

CoivauMiTIoN 8oMB TEST
100 cc Bomb

Pressure test bamb. with ¥iy.
Chaxwe 0514 bomd with 50 grame oil and SO0 grams of
[

.4

Chargs Domd at soom temperature (spproximataly 70°P.)
with 293 prig. hydrogen. Reword room temperaturs.

Heat bosb to §50%F. (343.3°C.) as quickiy as possible
without rocking. Record temperature and pressure as
fFredquently as powssible,

Start bomb rocking and hold temperature at 650°F. Record
tenperature and pressure as frequently as possible until
pressura starts to line out. Xeep system closed for at
ledst 2§ hours, longer if pressure has not lined out.

Kllov bomb to cool to room temperature. Record pressure
and temperature as frequently s® possible.

Carefully relaase hydrogen pressure.
Recover o4l end gatalyst for analysis.

Ran control with hydrogen end & paraffinic oil (Nujol,e.q.).
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TABLE g-2.
HORCO OIL HYDROGENATION THSY

oIL ANALYSI&

BEYORE armen
s C 86.30 2 0.30 86.67 ¢ 0.30
S H 13.%2 ¢ 0.30 13.67 ¢ 0.30
SN G.02 <0.,02
%8 0,27 ¢ 5% 0.036 & 5%
30 0 20,2 0.2 £ 0.2

BOMB CHARGE

50 g. Harehaw No. BT-100 E 1/16" catalyst
50 g. 011
Hydrogen (see Tables & and 5)

CATALYST AWALYSIS (Harshaw Brochure)

¥i0, wt.% 3.8 Loss on Ignition € 480°C., wt. § 1.4
MOy ,wt.¢ 16,8 ' Charge msiéy, 1bs./CP 38
£810;,4t.6 2.0 | Surfate Area, M/g. 191
Nay0,wt.t 0.02 | Pore Volume to 10,000 A°, co/g. 0.5¢
Pa, wt.% 0,03 | Average Pore Radius, A® €3
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Period I

Period IX

Period IIX

Period 1V

R
AMALYSTS. OF “IYDNOEBRAYION

BN TRESTS

Boriy' £111ed with;¥

I:

at room teNperatir

to 320-320 peda.

Heatup of bombd

Agitation at conteci

temporature P
{6160K = C4B°F.)

Cooldowm &2 bomb-

186

1.

2;

3.
1.

20
3.
l.

2.
3.
1.
2.
3

Meomad Nashenisns
Ry under pressuve in vapor
Spaocs.,

Hy adeptbed onto catalyst
surtace.

Hy dissolved in oil.

Mditionel Hy dissolves in
oil,

.Hz desorption cecurs.

‘Some hydrogenation.

' ?&,%{ 3 WD = H30(V) + ¥1)

Rydrogen chemisorption.
Wzlm.
By sdsorption.
83 Aissolution.

m 0 pomdensation and



3.

TARLE P-4
RESSSTO I NESOD.VEDROCHNNTION TEST

Hy vapowr in- bomb sb-end of Peried
3
111
v

Hy adscrbed end diuolqu at end of Perjied
1 mipus that at gnd of Peried II w» 7o4.¢a@34.

(70.6 S8CP/B » 1.2 x 10" 1bs. Hy/lb. cn%h
70.8 mmnmmuaug uoia

major effect bw ptdbably adcorptionm

Hy chemisorbed = J0A4.H+%1S.3

(%9 5 SCP/B » 3.8 nuosk Tijutom H - maximum
usually constdersd to be 1.0).

i adsorptien + Hy dimsolution + B30 condensa-
tion and adsorption = 615.1-460.1

Hz0 cendenmuon and adsorption = Hy0 used in

catalyst reducsien e 155.0-76.6
(24.4 SCF/B = Lg 3 mm /mole Ni0p
howavey, o -alsoc}.

Assumptions: 1. n = PV/RT
2. Ro hydrogenation.

8CF/B

634.0
704.6
615.1
460.1

70.6

155.0

84.4

3. Chemisorption is irreversible

under conditions used.

[ S sduorded and Aissolved
and. of Period IV essentially
oq\mJ. to that at ond of Period I.

%. Sa® Table 3.

§. Holecular weight of oil = 300.
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2.

TABLE E-3

RESULTS OF NORCO OIL HYDROGENATION TEST

NORCO OIL: Blend of No. 3 (1.2857) and No. 4 (1.000)

By vapor in bomb at end of Periocd I

1x

111

v
Hy agsorption + H Alssolution + Ha0
condensaticn and tion = 600.3-397.0

Subtract 740 used in catalyst reduction

Subtract Hy adsorption + By dissolution
Then ‘ddltiml Ba0 = H20 from deoxygenation

(48.6 SCT/3 = 0.67% va. 0 to 0.2% analysed)

Apparect Hy consumption = 630.0-600.6
M4 Hy avallable from Hy desorption minus
Hay dissolved

"#40 from deoxygenation

Subtract chemisorbed Hj

Ad¢ By eonsumad in denitrogenation (1.5 RyeRil,)

Ma By consumad in desulfurisation (Hy + HgS)
Peedizted Hy Congumption
hemumptiond: Bse Tables 3 and 4.
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Table G-1.

CHARACTERIZATION QF WASTE FURL QIL

IN 20 X 20 SOQUTH TANK
(Charge for Run No. 9)

Tank: 20 ft. diameter x 20 ft. high
APT % %
SAMPLE LOCATION GRAVITY WATER¥* OIL*
1 Top 29.5 - 100
2 18 ft. from 26.0 10 90
top
3 18 ft. from 2¢.4 10 90
top
4 17 ft. from 25.1 10-~-15 87-95
top
5 12% in. from 3.5 - 100

bottom

* By centrifugation at 32,000 G for 30 minutes.

preceding page blank
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Table G~2. CENTRIFUGATION OF A WASTE OIIL SAMPLE
(Northern New Jersey 0il Co.)

From From From

Tank Tank Tank

Top Middle Bottom
22.5 ml. 20 11-13
13.0 ml. 1135<¢12 5-7
1. ml. 2 12

Table G-3. AROMATIC DISTILLATION

Specific Gravity @ 60°F
API Gravity, OF
Flash, coc, °F
Pour Point, °F
Sulfur, %
Saybolt Furcl Viscosity @ 122CF
B.T.U./1lb.
Distillation
Initial, ©F
5%
50¢

Centrifuge
Results

Liquid 0il
Heavy o0il or wax
Water

BOTTOMS WASTE OIL

1.136
<0

420
+55
0.4
130
17,000

630
642
674

Nox miscible in NORCO #3 sidestream
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Table G-4. COAL TAR OIL

Hydrogen, wt. % 6.24

Nitrogen 0.18

Sul fur 0.36

Carbon B5.9

Ash 0.028

pistillation (100 ml)
initial, ©c 50-59
3 ml. overhead 150 (slight yellow color)
97 ml. liquid - (dark color)
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Table G—So

Sundry samples from suppliers
as follows:

Sample Identification
S - 20 x 20 Tank
S - 20 x 20 - 18'
S - 20 x 20 - 18!
S - 20 x 20 - 17

Bottoms of S 20 x 20

16 x 16 Tank

J. Noonan B Tank

#6 0Oil Sample (NBR-86-2)
J. Trainor (NBR-94-1)

Howard Fuel Corp. (loan 41)
(NBR-94-2)

J. Trainor #3

R & H

J. Trainor (NBR-94-5)
Solar Chemical (Tank 209)

B. Ogust

Ryan (Citgo)
Howard Fuel (loan 14) (NBR-99)
Trainor, Jrx.
Trainor, Sr.
Smerdon
Lenza
Smardon
Trainor, Jr.
Admiral
National - 1
National ~ 2

0il Tank Cleaning
Industyrial Separator

WASTE OIL INSPECTIONS

and NORCO tanks were analyzed

29.5 API gravity 100% oil
26.0 " " 90% oil,
10% H30

26.4 " " 90% oil,
10% H0

25.1 " " 85% oil,

10% H0 -

g.5 " " 100% oil

6.84% Ash

20% HZO, 0.215% ASh
100% oil, 0.005% Ash
85% oil

No water

Trace HZO

Trace H5O

Trace H0

60% o0il, 10% sediment,
30% water

85% ©il, 5% sediment,

10% -water,;-0.127%:Ash
1.1% BS&W

50.2% BS&W

15.0% BS&W

3.0% BS&W

4.0% BS&W

6.0% BS&W

5.0% BS&W

5.0% BS&W

20.0% HyC, Gravity 21.6
2.1% BS&W

54% BS&W

33.8% Hy0, 0.90% Sediment
104% Hzo, 0.74% Sediment
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Table G-6. WATER CONTENT OF OILS RECOVERED FROM
BARGE CLEANING

VALVE 1 90% HZO
VALVE 2 56.6% H20
VALVE 3 0 % HzO
VALVE 4 0 % HZO
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Table G-7. WASTE OFF-SPEC PETROLEUM PRODUCTS

An inspection and sampling trip was made to the Citgo
terminal at Linden, N.J. where 13 samples were taken.
Eight tanks were gauged and average or top middle and
bottoms samples were taken. Notes were made on existing
terminal pumps and lines. Data was accumulated on lead-
ing hoses and equipment required to economically load
tank trucks with oil from the subject tanks.

The Citgo terminal was formerly the site of a relatively
large asphalt production and also a terminal operation.
The asphalt operation and associated tankage has been
eliminated. The terminal operation with dock and tanks
continues. Eight scattered tanks contained varying
quantities of mixed and contaminated oils which do not
meet standard product specifications covering: flash,
gravity, distillation range, etc. The scattered tanks
and limited access pose transportation problems. Truck
filling from the various tanks will require from 50 to
300 feet of loading hose with fittings depending on
location and pump pressures available.
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Table G-8. WASTE TAR OIL FROM AN OBSOLETE COAL GAS PLANT

The gas holder at the Long Branch, New Jersey plant was of
the conventional liquid sealed telescoping type. The bot-
tom seoction, about 147' - 150' in diameter by 35' high, was
almost completely filled with liquid, as is the case during
normal holder operation. It contained about 24' of water
and 10'7" of dark viscous sticky fluid slightly heavier
than water. This dark fluid settled to the bottom of the
bottom section. There seemed to be about 6" semi-solid
ooze on the bottom. The line of demarcation between rela-
tively clear water and dark sticky material was not sharp.
Even at 1' above the floor of the bottom section, turbid

water interpenetrated globs of the dark sticky viscous
material.

Samples of dark viscous fluid taken about 16" above the
bottom ooze contained pockets of turbid water. The water
tasted almost like rain water, felt the same, and on smooth
plane surfaces spread out and behaved like tap water. It
had little odor. Other material from a small tank being
dismantled had the same characteristics.

The plant was provided with what looked like a shell still
with condensing coil and fractionating tower.

From the absence of volatile material, in samples taken,
it was concluded that lower boiling arcmatic materials
were promptly removed from coal tar and disposed of when
the plant was operating.
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Table G-~9. CHEMICAL PLANT WASTE OILS =-- ANALYZED AT POINT OF GENERATION

( Heating
ELEMENTAL ANALYS IS (%) Value Viscosity
Nature & Sulf  Alkall Metals Chlorine  BTU. O
No c H 0o N 8 ated Na K Ca cl LB (ep.)
Solvent ASH
Wastes
1 65.92 15.50 16.15 - 0.41 0.9 - - - 2.04 14,650  4,2%%
2 89.46 9.18 1.87 - 0.42 - - - - 0.33 17,000 2.5%%
3 36.70 12.20 47.0 3.37 0.23 - - - - 0.13 10,250 9.02%?
4 37.24 6.94 37.11 8.86 0.38 14.14 - 3.5 - 1.51 8,100 40.0%*
5 21.15 10.07 22.50 0.68 0.96 7.69 1.47 - - 36.8 4,570 20“
Heavy
Regidues
6 81.5¢ S.10 8.76 =~ 7.94 0.46 - - - - 13,500 270%°¢
7 68.87 6.55 15.16 - 5.03 13.78 2.66 - - - 13,125} g9'°’
8 80.93 10.57 8.90 - 0.53 2.4 0.46 - - - 1.5.650( go
9 67.37 3.82 15.22 6.70 0.23 2.69 0.47 - - 0.77 11,810
10 71.18 9,23 15.16 0.21 2.50 11.65 2.24 - - 0.75 13,280 1'!00”s
11 79.87 5.48 8.76 9.07 0;37, 0.19 - - - - 13,s0d 503
12* 55,5 4.75 7.65 5.30 14.10 - - - 13.72 10,740 110109
13 62,02 4.18 1.20 10.5S 19.14 2.43 0.44 - - - 11,770 ois
14 70.56 8.52 9.32 7.8% - 0.78 - - - 0.15 15,480 1100'%"
15 36.16 2,00 2.20 5,81 53.71 ~ - - - - 8,400 300-
500°°
* Contains 5.7% 2Zn
Table G-10.CHEMICAL PLANT WASTE OILS
Identification BN Pitch Bg Pitch PEP Residue SBE Tars
No. 1 0. No. 3 No. 4
Wt. % Sulfur 0.002 - 3.57
Wt. 8 Ash 4.3 4.4 12.3 0.4
Semi~Quantitative
Spectographic Analysis
of Ash, wt. %
Principal T0-I00 - - Na
Major 1-10 Fe,Na Na Al,si
Strong 0.1-1.0 al,s1,Cu Fe,Cu Fe ,Ca
Medium 0.01-0.1 Ni,Mg,Pb, Al,Ni,Si, Ni,Cr,Mg,Pb,
Mn,.¥i,Ca Mri, Ca Mn,Cu,Ti
Weak 0.001-0.ol cu,cd,B,P, €4,My.Pb, c4,Sn,B,Mo,
#o . Ba Tt V.Ba
Trace (.7%001-03.001 In.V,%r,Co B,Mo Ag,2%x,Co
Faint Trace <0.0001 .0} L -
Not Dete red UL, Ge,Ga, Bi,Pt Ge, Bl ,Ge,In,Ga,
Sn,4=,8H,8, In,Cr,8n,; As ,Sh,W,P,Au,
Au Hyg, Be s ,;8b,Ga, Hg,Be,Zn K
Tu, W.P,Au, Hg,
Ba,V,2n . 2r,
Co,K,Ba
Miscibility*
varscl Vazy Slight - -~ None
Petroleum Ether llene - None
Toiunl Slignt Slight
Benzene Fair -~ - Good-Excellent?
MEK Excallent - Cood-Excellent?
Xylene Poor - Fair
MEK/NCRCO #6 ? mi of (1 - - 2 ml of (1 gram

gram Pitch+t 3l MEK)
t 3 ml NORCO
# -Good Mix

Tar + 3 ml MEK)
+ 3 ml NORCO #6-
Good Mix

* pitch aad tare ground in mortar and pestal prior to miscibility tests.

* Jome precipitate noted.
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Table G-~11,IO0ODINE NUMBER OF NORCO CRANKCASE OILS

IODINE NUMBER, g./100g. oil

Centrifuged 0Oil 0.73
NORCO No. 3 0.91
NORCC No. 4 1.03
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APPENDIX H

COALESCING PLATE OIL/WABER SEPARATOR

The attached figures illustrate the separator design.
It consists of three principle sections--an influent region,
the coalescing section itself, and an effluent region. Each
is described below.

The oil/water mixture enterstthe separator through an
"H" shaped inlet manifold. A series of holes drilled in the
vertical members of this manifold (a) helps distribute the
water uniformly over the entire water cross-section of the
tank (b) degasses the influent and (¢) dampens pulsating
flows. A vertical slot flow straightener located immediate-
ly downstream of the inlet manifold completes flow distribu-
tion and insures uniform conditions into the coalescing
section.

The coalescing regicn begins with the first group of
corrugated plates. Eight individual plate stacks, arranged
in twe rows of four each, are used in the OPC-50. Each
stack consists of a series of plates stacked vertically,
three plates to the inch, with the conwvolutions running
horizontally at right angles to the flow. Spacing between
the plates is maintained by tabs molded into each plate.

The entire stack assembly is held together with two tie rods
running between a tubular lower support and a channel at the
top. Stack dimensions are 1 foot by 2 feet by 5 feet high.
The dry weight of each stack is approximately 100 pounds.
Short stainless steel shims axrc placed between plate stacks
to ivuck the entire assembly toygether.

As the oil/water mixture passes through the plates, oil
particles coalesce and tend to collect at the crest of each
corrugation. Bleed holes are provided along the crests so
that, as the water passes through the plates, the o0il rises
progressively upward through the holes in the plates to
coliect and form an oil klanket on the water surface.
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Two plastic foawm coalescing packs can be installed
after the corrugated plate section described above. These
packs are designed to improve the coalescence of finely
emulsified cil droplets or oil coated particles. Both
packs are identical, consisting of a foam pad mounted in a
split frame. This arrangement allows for easy removal of
the foam for cleaning or replacement. In addition, the
foam is extended beyond the frame to provide a seal with
the tank walls, preventing any water bypass flow.

A second corrugated plate coalescing section consist-
ing of one row of four plate stacks is located downstream
of the packs to complete the separating action. The indiv-
idual stacks are identical to those previcusly described.

The water outlet is an inverted "U" shape pipe with a
series of holes to admit the water without disturbing the
oil film. The holes are located so that the upper portion
of the manifcld acts as an oil dam, preventing the oil
from mixing with the effluent water.

0il is removed from the unit by a float-type oil skim-
mer, Two ball type floats are used to balance the unit.
The oil flows through a slotted tube between these floats,
then through a flexible hose to the discharge fitting. The
vertical position of the hose on the slotted tube may be
changed to vary the length of the slot and hence the thick-
ness of the oil film., With this exception, operation of
the skimmer is completely automatic.

The entire unit is fitted with a gasketed cover and may
be operated with a low pressure gas blanket. Access ports
for removal of the coalescing pack and access to the skimmer
are included in the cover.

The unit is contained within a rectangular, skid mount-
ed tank. A continuous drip pan is located beneath the tank.
Overall dimensions of the unit are 127" long by 62" wide by
68" high. The dry weight of the assembly is approximately
4700 pounds.
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The tank is fitted with all necessary flange connec-
tions. These flanges are fiberglass, with a standard ASA :
150 pound flange bolt circle configuration. Location, size, *
and intended purpose for each flange is shown on the fig- 3
ures. The intended purpose 1is self-explanatory with the
exception of the instrument port flange, which is used
primarily for a high level shutdowniif installed. The size
and location of the removable cover sections and the view
ports are also shown. Note clearance requirements for
coalescing pack removal. Four lifting lugs are provided on
the skid for use in handling the unit.
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INFLUENT | EFFLUENT
APPROX. DRY | LENGTH | HEIGHT | WIOTM FLANGE FLANGE
MODEL WEIGHT (lbs.) | (inches) | (inches) | (imches) (Ps) (IPS)
oPC-10 a0 o 4 22 2 ry
oPC-30 1350 80 56 4 4 e
oOPC-50 4700 177 68 6 ar 6
OPC-100 8500 180 70 72 e 8"

GAS INLET & SAFETY VENTS

WSTAUMENT PORT

OiL OUTLET FLANGE
INFLUENT

VIEW PORT

ORIP PAN N

4 LIFTING POINTS NOT SHOWN
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A

Goalescent Plates
Increase Gapacity
of Tanks or Pits

The unique coalescent plates which are the heart of
the General Electric Oil/Water Separation system
can be added to any existing gravity settling tank or
pit to considerably increase capacity without modi-
fication or enlargement of the existing system.

The coalescent plates are available in any size banks
or modules, each individual plate being 1 ft. x 2 ft.
These can be stacked in virtually any configuration
to permit flexibility of installation and to accommo-
date the desired flow rate.

Gravity separation is increased by the use of these
plates, without the addition of chemicals. Fabricated
with non-corrosive materials and with no moving
parts or filters, operation is virtually maintenance free.
Cost is $80.00 per foot of height of the stacked coa-
lescent piates.




APPENDIX I
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APPENDIX J

PROCESS SCREENING STUDIES
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REPORT TO NORCO ON THE
POTENTIAL PROFITABILITY OF SEVERAL
APPROACHES TO RE-REFINING
CRANKCASE WASTE OIL

FOR: NATIONAL OIL RECOVERY CORPORATION
P. O. BOX 338
BAYONNE, NEW JERSEY 07002

Date : January 22, 1973

Work By : Dr. N. J. Weinstein
Dr. A. Boyum

Report By: Dr. N. J. Weinstein
RECON SYSTEMS, INC.
Cherry Valley Road
Princeton, N. J. 08540
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REPORT TO NORCO ON THE POTENTIAL
PROFITABILITY OF SEVERAL APPROACHES
TO RE-REFINING CRANKCASE WASTE OIL

Summary

Based on NORCO's projections of 3¢/gal. or less to
be paid for crankcase waste o0il, and 16¢/gal. or more
realization for recovered lubricating oils, re-refining
is potentially very profitable. For example:

Pre-treatment = —e==- None----- Solvent
Post-treatment W =—==- Hydrogen-~—~- Hydrogen
Purchase of

Exxon Equipment Yes Yes No Yes
Feed,

gals/yr. 9,000,000 29,000,000 29,000,000 34,800,000
Total A
Investment, $ 492,000 1,123,000 3,050,000 1,773,000
Profit, $/yr. 129,000 1,573,000 1,488,000 2,194,000
Return, %/yr.B.T. 26 140 49 124

The most critical factors to be resolved before such
profitability can be realized are:

-assuring a supply of crankcase waste oil, pre-
ferably in excess of 20 million gallons per year
at a cost cof 3¢/gal. or less.

-assuring a comparable market for re-refined lu-
bricating oils at 16¢/gal. or more.

~the development of technology which will convert
the crankcase waste oils to lubricating oils meet-
ing specifications necessary to command the above
price.

As to the question of technology, we feel that

vacuum distillation followed by hydrogen treating has a
high probability of early success. The availability
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of most of the necessary equipment from Exxon's

Bayonne Refinery makes this possibility particularly
attractive, if sufficient land area can be assembled.
Chemical treatment is also promising as an independent
metbod of re-refining, or as an adjunct to vacuum distil-
1at19n plus hydrogen treating, but this approach will
require a more extensive development program.

The development of vacuum distillation plus
hydrogen treating technology requires solutions to two
major problems: (1) assured operability of the heating
and distillation equipment to avoid premature shutdowns
due to coking and fouling; and (2) upgrading lubricating
oil cuts to meet color, odor, and other specifications.

We feel that the operability problem can be al-
leviated sufficiently by furnace redesign and the use
of anti-fouling additives to obtain the modest 5000
hour per year operation assumed in the economic study.
We recommend an engineering design study to determine
the furnace parameters required for future operations.

Hydrogen treating is widely used for upgrading
virgin lubricating oil and petroleum fuels to meet odor,
color, nitrogen, sulfur, stability and other important
specifications. The brief experimental hydrogen testing
program which NORCO sponsored in April 1972 supports the
possibility that lubricating oil cuts from crankcase
waste o0il distillation can be similarly upgraded. Further
experimental work is recommended prior to a commitment
for purchase of Exxon's equipment and erection at a site
assembled by NORCO.
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Description of Alternatives

Four basic alternatives, shown diagrammatically in
Figures 1 and 2, were studied as possible approaches to
re-refining crankcase waste oil. These are: _—

CASE A - BASE CASE

Essentially present operation at full capability
of 1030 B/SD for 5000 hrs/yr. using vacuum distil-~
lation (including vacuum flashing) alone. This oper-
ation produces lubricating oil with unsatisfactory
color.

CASE B.l.1l.

Envisions purchase of Exxon's Monophiner (catalytic
hydrogen treating unit) to upgrade lube 0il quality.
Proposed operation shown in Figure 3. Existing wvacuum
distillation equipment operates 5000 hrs./yr.; hydrogen
treating is oversized and required only 1550 hrs./yr.
operation. Anti-foulant is used to ease operability
problem on vacuum distillation equipment, but frequent
shutdowns would still be required for cleaning.

CASE B.l.2.

Envisions purchase of both Exxon's Monophiner and
vacuum distillation equirment. Lube o0il is run 1550
hrs./yr. on both vacuum distillation equipment and
hydrotreating Excess capacity on vacuum distillation
equipment is used to upgrade fuel oil by drying (3450
hrs./yr. at 3322 B/SD). Operability problems with lube
0il on vacuum distillation equipment is expected to be
eased by both anti-foulant and improved furnace design,
but the extent of improvement requires further engineer-
ing design and/or experimental verification.
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CASE B.2.2.

Envisions purchase of both Exxon's Monophiner and
vacuum distillation equipment to be operated at full
capacity, limited by heat exchanger and furnace
considerations (3322 B/SD for 5000 hrs./yr.; 2115 B/SD
limitation calculated for hydrogen treating at 700°F).
Operatility limitations as in Case B.1.2.

CASE C.1.

1030 B/SD crankcase waste oil is treated at
ambient conditions with n-butanol at a volumetric
ratio of 2/1, as shown in Figure 4. The n-butanol is
recovered by distillation and recycled. A semi-dry
solid product high in lead is recovered from the oil
by centrifugation. Lube 0il is recovered from the
treated crankcase oil by existing vacuum distillation
equipment. Operability, product quality, and solids
recovery are questionable, requiring further develop-
ment work. However, 6000 hrs./yr. operation was as-
sumed for this case, as well as improved lube o0il yield
(71.8% vs 63.9%).

CASE C.2.
Envisions purchase of Exxon's vacuum distillation

equipment to increase Case C.l. operation from 1030
to 3322 B/SD for 6000 hrs./yr.

CASE Ci'l.
Same as Case C.l. except that Exxon's Monophiner

would be purchased to upgrade lube oil quality (2120
hrs./yr.).
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CASE C.'2.

Same as Case C.2. except that Exxon's Moncphiner
would be purchased to upgrade lube oil quality (6750
hrs./yr.). a

CASE D.

Same as Case B.2. except that all equipment is
purchased new on a grass roots basis, including in-
vestment for offices and laboratory-

In the above cases where refinery expansion beyond the
present 1030 B/SD was not contemplated, no pollution con-
trol facilities were added, except for a scrubber on the
hydrogen treating purge gas. Where expansion to 3322 B/SD
was contemplated an air flotation unit was added to handle
oil-water separation problems.
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Results

A summary of the case descriptions and the required
investments are shown in Table 1. The investments for
removing and relocating Exxon equipment were estimated
to be about 53% of the required investment for new equip-
ment, excluding new equipment to be purchased. All in-
ves;ments were based on indices for the 4th quarter of
1972,

The potential profitability of each case studied is
shown in Table 2. The calculated return for all cases
was attractive, but returns were especially attractive
for larger operations. Some direct comparisons which can
be made are:

Profit Before Tax Return, %/yr.
Case ¢/gal. feed §/yr. before Tax

Purchase of Exxon

equipment B.2. 5.43 1,573,000 140
Grass roots plant D. 5.13 1,488,000 49
9,000,000

gal/yr. feed B.1l.1. 1.44 129,000 26
29,000,000

gal/yr. feed B.2. 5.43 1,573,000 140
No pre-treat. B.2. 5.43 1,573,000 140
Solvent pre-treat. C'.2. 6.30 2,194,000 124

to improve yields
and operability

A sensitivity analysis was carried out on Case C'.2.,
since this operation contained most of the major elements
studied. The results of this analysis are shown in Table 3.
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Doubling process investment, decreasing yields, doubling
operating labor costs, doubllng indirect costs, 1ncrea51ng
feed cost from 3 to 5¢/gal., 1ncreas1ng hydrogen con= ;..
sumption by a factor of ten, and increasing solvent lost
by a factor of five, all had significant effects on prd-,
fitability, but none of these changed the basic attractive-
ness of the operation. On the other hand increasing lube
oil realization from 16¢ to 20¢/gal. increased potential
before tax return from 124 to 191%/yr.

Cost bases and cost details are provided in Tables:
4, 5, and 6.

Working capital and land costs were not included in
this analysis. Plots required are approximately 90'x120'
for Exxon's Monophiner, 100'x160' for the vacuum distillation
unit, and 30'x50'for hydrogen storage. The total land re-
quired with spacing, but excluding storage tanks, is about
40,000 to 50,000 square feet.
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Conclusions

1.

2.

‘There appear to be strong economic incentives for
refining crankcase o0il to produce saleable lube oils.

A spread of 13¢/G between crankcase 0il and lube oil

easily justifies re-refining in a 29MMGAL/yr. (1900 B/CD)
refinery.

Investments and operating costs projected for vacuum
distillation, hydrofining, and solvent treating, or
combinations of these processes, can easily be justified
if they could produce 60% or greater yields of lube o0il
(13¢/G spread).

Insufficient data is available to be assured that any
of the schemes studied can produce these saleable lube
oils.

The prognosis for technical and economic success of
R v+ D in this field is highly favorable.

The availability of monophining and vacuum distillation
equipment from Exxon's Bayonne Refinery may provide
NORCO with an unusually favorable position in this field,
if technical feasibility can be quickly demonstrated in
the laboratory.
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Recommendations

1.

NORCO should immediately undertake or preferably. sponso:x
hydrofining experimentation to demonstrate the bgsic ‘
feasibility of this approach. Data is needed on: H2
consumption, catalyst life, bed fouling, reactor con-
ditions, etc. ’

At the same time, NORCO should exhaustively examine the
financial and engineering feasibility of adapting
Exxon's equipment (monophiner + vacuum distillation),
and of obtaining sufficient assured supplies of crank-
case o0il and other materials to provide about 25MMgal/yr.
or more refined products.

If (1) and (2) above are favorable, NORCO should proceed
with this project.

NORCO and EPA should formulate a long term R ¥+ D program
designed to provide the data needed to assure the
technical success of modern approaches to re-refining.

Vacuum distillation and hydrofining may be coupled with
chemical methods to provide reasonable lube oil yields.
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CASE

FEED, MMGPY
Crark 011
Fuel 01l
SOLV. TREAT

/SD
Hrs./Yr.

VAC. FRACT.
/SD
Hrs./Yr.

HYDROFIN.

Hra./Yr.
Feed,'r

INCREMENTAL
INVESTIENT L
XX0on Lguip

Naw Equip.
Uil

Waste

Tankage
Royalty

Offsites

10390
5000

esent

PRE « =
Qpes. rob,
-Poor Qual.
Lube

1030
3000

2115
1550
50

Buy Exwon
Konophin.

TABLE J-1

CASE DESCRIPTIONS

B.1.2. B.2. c.1.
9.0 29.0 10.8
20.0 - -
- - 1020
- - 6000
5322 3322 1030
5000 $000 6000
2118 2115 -
1550 $000 -
450 450 -
Buy Exxon Buy Exxon Add

Monophin. ¢+ FMonophin. Solvant
Vac. Fract. 4 Vac. Treat
Run Fuel Fract=Run
011 with Crank 0il
Spare Cap. Only
8389 889 -
54 54 224
30 30 48
30 30 -
95 95 28
25 25 -
17173 A.T23 98

32z
6000

3322
6000

Add
Solvent
Treaat +
Exxon Vao.
Fract.

1030
6000

1030
6000

2115
2120
50

Ada
Solvent
Treat +
Exxon
Monophin

332
359
46

28

c'.2,

34,9

3322
6000

3322
6000

2115
6750
450

Add
Solvent
Treat &
Exxon

Vac. Fract+
Monophin.

2%.0

3322
5000

2115
5000
450

Grass FRoots
Vac Fract. ¢
Hydrofin,

1,684
90

30
746
2,550
500



8¢c

TABLE J-2

PROPITS
A- B.1.3. ».3.2. 5.2. C.1, C.2. CL.1. cr.2. D
CASE vac. ~-=Vao. Dist. ¢ Bydrofining--- Iolv- Treat+Vac. Dist Solvent Treating + Grass

DESCRIFTION _Dist, v_-e_us_eﬂ«m Roots (1)

-?‘ £/6 ;m ¢ m' ¢/6 cmn ¢/6 G‘;Y [ Gnl:! ¢/6 & ¢ ¢ cr ¢/6
FEZD PY PY [ GPY G GPY G GPY
Crank 041 5.5 30 e !ég'o 50 !ﬁ‘o Fin ) T.Lo‘o N ] fg’o s !.Lo'o W0 3o ST‘. .00 JT.8 !évo
Fuel 0f1 - - - - 0.0 2.00 - - - - R - - - - -
Avg. 2%.0 2.
OP. COSTS 4.0 $.26 2.24 2.4% 4.84 2.22 6.22 2.90 2,78
FEID+OP.COSTS 7.83 9.28 4.58 5.48 7.84 3.22 9.22 3.90 5.7%

EZT_PPODUCTS (1}

r—_—'—‘i;:a C11 .73 u.:g 5.75 10.32  5.73  1.86 10.53 10.22 7.76 11.5% 23.00 11.51 7.76 11.51 25.00 11.51 19.52 10.22
Lt. cuts .35 0.3 .08- o.10 .06 .o .82 .38 - - - .82 .28
ttons - - - - - = - .59 .u :oa ou .23 0.1 1.52 0.31 - -
F5 Sludge 1.96 ©.39 1.9¢ 0.38 13’: o n 6. u 0.38 .32 °. s 1.04 0. 38 .32 0.38 1.04 0.38 €.34 .38

Fuel 04l - - - - 18,
T0¢ WYY TO80 AT 5.7 r:s z!‘ﬂ‘ 16‘1‘3‘ ﬁT xﬂ‘T zﬂ‘r 13‘5‘6 l'!'I‘ﬁT 27"".5 n'—‘.z W. 6 1‘—0 B6

2

R 3.1¢ 1.44 1.80 5.4) 4.3 .00 2.02 6.30 $.13
$M/yesrx. ans 129 $22 1,573 478 2,462 303 2,194 1,488
RETUNY
Vyear B.7.(1) - 26.2 46.5 140.1 160.3 180.7 8.4 123.8 4. ¢
{1) Excludes e'nu -ld as fesl. Lube ofl at 16¢/G; light cuts at 100/G) low mstals bottums at 7¢/G; Fd (lead) sludge at
10¢/1b. (0.5¢ Pd im crénkcade ofl - 1008 recovery); fuel oil at 7¢/G.
(2) Meturn befors taxes on 1 tal 4 .

(3) Grass xoots vacuum diatillation pius hydrofining.

4) lcemmexuun: ¢/G = cents per gallon: MMGPY = millicas of gallons per ysar) $M/yesr = thousands
dollirs per year) V/year B.T. = percent per ysar before incume tax.
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TABLE J-3

SENSITIVITY ANALYSIS
CASE C'.2, (SOLVENT TREAT. + VAC. DIST. + HYDROPINING)

CASE 1. 2, 3, 4, 5. 6. 7. 8. 9. 10,
ngsa POUBLE DECR. « DECR. YIELD DECR, DOVRLE DOUNLE INCREASE 3 ; INCREMSE
(c}.2) PROCESS YIELD O AS IN {2) Y¥IBLD;NO OP. LABOR INDIARCT FEED COSYT YALUE B, s0L
INVEST. LUBE FROM AND NO BOTT{NS  COST cosTS PROK 3 FroM 16 . LO8? BY
71.84 TO  BOTTOMS CREDIT) T0 5¢/G  TO 208/G or 10 PACTOR
63.9% CREDIT 6000 TO of §
5000 HRS.
COSTS, ¢/
3.66. 3.00 3.00 3.00 3.00 3.00 3,00 s.00 3.00 3.08 3.90
OPER, 2.90 3.46 2.86 2.86€ 3.43 -3.42 3,38 -390 2.9 4.08 .53
CREDITS,
12.20 12.20 11.48 10.€1 10.61 12.20 12.20 12.20 15.65 12.20 12.20
PROPIT
L7 6.30 5.74 5.62 4.73 €.18 5.79 5.62 4.30 9.75 s.14 4.63
SMM/yc. 2.194 2.000 1.957 1.653 1.213 7.010 2.023 1.498 3.393 1.792 1.619
INCR ' +
m"& X773 3.332  1.773 1.773 1.772 1.773 1.773 1.773 1.773 1.7713 1,773
RETURN
¥/y%. BT 123.9 €0.2 110.2 93.4 [{ 113.2 114.1 84.4 191.3 101.0 91.3

Nomanclaturas: see Table 3.
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RSB
DESCRIPTION

IZED, Mwupy
SrankToal

Fuel 0il
Flmo, rmvery
che

Pb. Sludge
Fuel 041

PLANT VALUR
$4 ()
rocess
Tiil + wasts
Tankage

IECR. IKV.

$3_(2)

(1) Vacunm distillation
(2) Excludes land

VAC.
BIS?.

3.78
0.9

1.98

500

631
pseiy

plus hydrofining

TABLE J~-4

COET BASES - YISLOS AND INVESTMENT

Belad. B.3.2. 5.2, .2, C.2.
——nofas. Diss Solv, Treat=reees
Eyéreof, + Vago. Dist.
9.0 $.0 29.0 16.8 3.9
- 20.9 - - -
3.15 S5.78% 10.33 7.7¢ as
94 0.94 3.02 1.13

- - - 1.18 3.81
1.9¢ 1:.:‘ .3 Q-JZ . -0
1264 1738 1738 724 1549
‘;: ?,.2: ;.30 116 231

4 - 748 679 857

b7} 11} wn =T
492 1123 1123 299 1362

and operating capitall Incr. Inv, = 4 tal i

1408
i
(]

753

7%¢

1233
8
kiki)

1773
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coes (1)
R, $.1.2. B.3.2. e - ¥ €.3. er.8, (Y B o
CASE vac. -—eVaa, Bist. + Selv. Treatias. Diet salv. Treas. ¢ Veo Grass
DESCRIPTION Dist. Bist + Eydrefiaing hoots
FEED, MMGPY
Trank ofT $.0 9.0 9.0 29.98 1.0 4.8 6.8 4.0 2.0
Fuel 01{1 - - 20.0 - - - - & - P
PV, $uM 1.221 1.995 2.604 2.604  1.319 «2.637 C 2.303  3.320 2.580
Iner. Inv. $MM - 6.492 1.123 1.123  &.398 1.3 Q.79 1.773 3.050
Dapr. Base, $MM  1.221 1.713 1.044 1.84¢ 1.5)8 2.003 £.011 2,494 3.05
DIR. OP. COSTS,$M/Ye. ) ’
‘_'T——"—é!op. abor 0.0 100.0 0.0 100.0 160.0 110.0 120.0 130.0 200.0
takor O.H. 36.0 40.0 N 40,0 40.0 4. 48.0 $2.0 49.0
s. + Taxes 36.8 59.6 78.2 78.3 ~45.6 9.1 68.$ 99.7 .46
Catalyst - 14.7 14.7 7.3 - - 19.9 64.0 7.
N-Butanol - - - - 19.7 63.9 19.7 63.9 -
Antifoulant - 2.3 2.3 7.3 - - - - 7.2
Mydrogen - 19.3 19.3 26.3 - - 23.9 44.7 26.58
Maing. 3.6 s4.6 78.2 78.2 4s. 79.7 €e.8 99.7 76.6
Deprec. 8L.5 114.3 123.1 1231 101.3 139.2 134.1 166.3 203.5
Power 10.6 19.0 23.1 53.6 25.9 83.3 4.6 A¥e.0 s3.6
City Water 1.2 1.7 2.0 5.2 2,0 6.2 2, 3. 5.2
421.5 485.9 §59.4_ - 7¥60.1 . : : :
¢/G Feed W53 ke il67 1.93 3.52 1274 4.90 3.42 2.23
INDIR., OP, COSTSSMM/Yr. 2.0
Saele 0 mo me oo s om0
Salary O.H. . . . . . . . . -2
e sedis e e mnoohwo B e B8
other T T : 59T TarT "D TiTD o 55
¢/G Feed 1.58 1.58 0.57 0.52 1.32 0.48 1.32 o. .

(1) See Table 6

for cost bases. Nomenclature - see Table 2.

(2) Later information indicated hydrdéeﬁ

consumption about ten times this
See Appendix E.

value.




| TABLE Jv6
BASES FOR OPEFRATING COSTS

Operating Labor ~ $10,000 wages per man.peér‘year.
Labor Overhead - direct overhead @ 4O%V0f\operat—
: ing labor.
Insurance & taxes - insurance and‘local»prdperty
: ' taxes at 3% of plant value,' (See
table 4.) _
Catalyst - $1.10 per pound; one year 1life

for cases B.2. and D.} other
cases prorated on the basis of
feed thruput.

n-Butanol - 10¢/1b.

Anti—foulant. | - 100 ppm (volume basis) @ $2.50
per gallonw

Hydrogen - '$4.00 ‘per 1000 SCF delivered;
15 SCF/B of actual throughput
used. * '

Maintenance - 3% of plant value per year (assum~

ing routine maintenance done by
operating personnel.)

Depreciation : - 6.67%/year of capital invested
in usable equipment. -
Power - 3.5 to 4.0 ¢/KWH - depending upon
. usage. »
City water - 70¢ per thousand gallons.

*Later information indicated that hydrogen consumption
was probably closer to 150 SCF/B. See Appendix E.
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Table K-<]1. NOVEMBER 1972 WASTE FUEL OIL RUN
Length = 51 hrs.,

Run

Feed
Total gallons 176,283
Yield, % -
Qals./hr. 3,455
Gravity, CAPI 25.2
lbs. /hr. 25,960
BTU/1b. furnace.
input (calculated) --
Fired Heater Duty,
BTU/hr.
(Total = 4,055,100) -

Preceding page blank

Water
12,299
6.95
241
10.0
2,014

1,118

2,247,000

234

Overhead Bottoms
7,000 156,984
_3.95 89.1
137 3,077
41,0 26.0
935 23,020
137 73
128,100

1,680,000



Talule K-2, DECEMBER 1972 WASTE FUEL OIL RUNS
(Averages for two runs)

Heater inlet temperature
Ucater transfer line
mvxctionator bottom
“ractionator top

HYeater stack

ileater flue gas recirculated

Bottom of fractionator vacuum
Feater inlet pressure

Feed gravity
Acttoms product gravity

Feed to heater
Bottoms product
Overhead

water

Loss

235

110°F
2150F
1820F
1750F
625CF
520CF

25,2
46 ps

23.29
25.3°

2714
2235
81
374
24

in. Hg.
ig

API
API

gal./hr.

gal./hr. (82.42%)
gal./hr. ( 2.99%)
gal./hr (13.71%)
gal./hr ( 0.88%)



JANUARY 1973 WASTE FUEL OIL RUN
1/5/73, 2:45 AM

Table k-3.

1/4/73, 11:30 AM
15 hrs., 15 min.
Tank bottoms, tank washings, fuel oil

Start:
On Stream:
Feedstock type:

Stop:

containing water, solids, gasoline

Fractionator Flash Zone

Steam Boilexrs

24.1 IN.HG Vacuum

236

Flow o N

Rate Volume Sold Gravity Water!
Streams Gal/hr. Gallons As OaPI %
Feed 2705 41125 23.8 3.62
Bttms 2533 38628 No. Fuel 0il 25.7 Trace
Overhead 39 595 40.2 Trace

(‘
Water &
Loss 133 1902
TEMPERATURES =
STREAMS FLOW LOCATION ~oF
Cooling Water 350 GPM 0il H't'r Inlet 115
Steam Produced 960 Lﬁs/ﬁR' 0il H't'r Ooutlet 318
Steam for Stripping  None W Fractionatoxr: g
Steam to Vacuum Jets 456 " " Bottom 180
Steam to Tower None = - Top 175
Steam Bttms Pump 320 " Flash Zone 180
Steam to Tanks 184
& Line lLoss

EQUIEMENT LOGATION UNITS
Furrace Coil Inlet 49 PSIG
Furnace Coil Outlet - PSIG



Table K-4. JANUARY 1973 WASTE FUEL OIL RUN

Start: 1/8/73, 12:10 PM Stop: 1/9/73, 3:15 PM

On Stream: 27 hrs., 5 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow .

Rate Volume Sold Gravity Water
Streams  Gal/hr. Gallons As OnPI %
Feed 2266 61400 23.0 6.61
Bttms 2092 56650 No. 6 Fue&l il 25.5 Trace
Overhead 20 542 41.0 Trace
Water &

Loss 154 4208
TEMPERATURES
STREAMS FLOW LOCATION Ve
Cooling Water 350 GPM 0il H't'r Inlet 116
Steam Produced 960 LBS/HR 0il H't'r Outlet 217
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 183
Steam to Tower None " " . Top 175
Steam Bttms Pump 320 " " Flash Zone 185
Steam to Tanks 14 " "
& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil 1Inlet 47 PSIG
Furnace Coil Outlet - PSIG
Fractionator Flash Zone 24.3 IN. HG vacuum

Steam Boilers
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Table K-5. JANUARY 1973 WASTE FUEL OIL RUN

Start: Stop:

On Stream: 16 hrs., 30 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow .
Rate volume Sold GraVlty Water
Streams Gal/hr. Gallons As OAPI t
Feed 2242 37060
Bttms 1795 29640 No. 6 Fuel 0Oil
OCverhead 45 743
Water & 402 6677
Loss
TEMPERATURES-
STREAMS FLOW LOCATION ) Y
Cooling Water 350 GPM Oil H't'r Inlet 120
Steam Produced 960 LB&/H 0il H't'r Outlet 213
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 181
Steam to Tower None " " Top 173
Steam Bttms Pump 320 " " Flash Zone 185
Steam to Tanks 184 " ®
& Line Loss
EQUIPMENT TLOCATIQN! UNITS
Furnace Coil Inlet 53 PSIG
Furnace Coil Outlet - PSIG
Fractionator Flash Zone 24.7 IN. HG Vacuum

Z4eam Boilers
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Table K-6. JANUARY 1973 WASTE FUEL OIL RUN

Start: 1/15/73, 1:45 PM Stop: 1/16/73, 8:30 AM

On Stream: 18 hrs., 15 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow ' o
Rate Volume Sold Gravity Witer
Streams Gal/hr. Gallons As OAPI %
Feed 2017 37818 19.7 17.45
Bttms 1593 29961 No. 6 Fuel 0Oil 25.6 Trace
Overhead 62 1162 14.0 Trace
Water & 362 6695
Loss
TEMPERATURES
STREAMS FLOW LOCATION 3
Cooling Water 350 GPM 0il H't'r Inlet 117
Steam Produced 960 LBS/HR 0il H't'r outlet 213
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 180
Steam to Tower None " " Top 176
Steam Bttms Pump 320 " Flash Zone 180
Steam to Tanks 184 " "
& Line Loss

EQUIPMENT LOCATION UNITS

Furnace Coil Inlet 57 PSIG

Furnace Coil Outlet - PSIG
Fractionator Flash Zone 25,7 IN.HG Vacuum

Steam Boilers
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Table K-7. JANUARY 1973 WASTE FUEL OIL RUN

Start:s 1/17/73, 12:40 PM Sﬁop: 1/18/73, 3:45 gM

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow . '

Rate Volume Seld Gravity Water
Streams Gal/hr. Gallons As OaPI %
Feed 2530 38197 21.5 10.74
Bttms 1854 27993 No. 6 Fuel 0il 25.9 Trace
Overhead 383 5780 41,5 Trace
Water & 293 4424

Loss
— TEMPERATURES
STREAMS FLOW LOCATION YR
Cooling Water 350 GPM 0il H't'r Inlet 120
Steam Produced 960 LBS/HR 0il H't'r Outlet 217
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 182
Steam to Tower None " " Top 176
Steam Bttms Pump “or Flash Zone 183
Steam to Tanks v
& Line Loss i

EQUIPMENT LCCATION UNITS
Furnace Coil 1Inlet 51 PSIG
Furnace Coil Outlet ~ PSIG
Fractionator Flash Zone 25.1 IN.HG Vacuum

Steam Boilers
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Teble K-8, JANUARY 1973 WASTE FUEL CXL RUN

Starts 1/24/73, 8:55 AM

On Stream: 46 hrs., 5 min.

Feedstock type: Tank bottoms, tank washings, “ucl i1
containing water, solids, gaso..ne

Stop: 1/26/73, 7:00 AM

Flow

Rate Volume Sold Gra—ity 'water
Streams _ Gal/hr. Gallons As OArl %
Feed 2215 102100 20.0 18.15
Bttms 1580 72806 23.0 Trace
Overhead 215 9500 39.9 Trace
Water & 420 19394

Loss
TEMPERITURES
STREAMS FLOW LOCATION YF
Cooling Water 350 GPM 0il H't'r Inlet 115
Steam Produced 960 LBS/H 0il H't'r Outlet 230
Stecn for Stripping None " " \Fractionator:
Steam to Vacuum Jets 456 " " Bottom 190
Steam to Tower None " " Top 179
Steam Bttms Pump 200 " " Flash Zone 150
Steam to Tanks 314 0"
& Line Loss

EQUIPMENT LOCATION UNITS
Turnace Coil 1Inlet 62 PSIG
rfurnace Coil OQutlet - PSIG
Fractionator Flash Zone 24.0 IN.HG Vacuum

Steam Boilers
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nable K-9. JANUARY/FEBRUARY WASTE FUEL OIL RUN

Start: 1/31/73, 11:00 AM

Feedstock type:

Stop: 2/1/73, 12:30 PM

Tank bottoms, tank washings, fuel oil

containing water, solids, gascline

Flow . -
Rate Volume sold Gravity Watcer

Strizms  Gal/hr. Gallons As OAPI &
Feed 1503 38385 17.5 11.37
Stims 973 24820 No. 6 Fuel 0il 19.8 Trace
Overhead 343 8650 39.5 Trace
Water & 187 4915

Loss

TEMPERATURES

STRITAMS FLOW LOCATLON 3
Cooling Water 350 GPM O0il H't'r Inlet 118
Stcam Produced 870 LES/E Oil H't'r Outlet 220
Steanm for Stripping Egge . m Fractionator: 195

team to Vacuum Jets , w o Bottom 180
Steam to Tower ?gge - Top 190
Steam Bttms Pump 264 " w Flash Zone
Steam to Tanks

& Line Loss

ZouL2r2NT LCCATION UNITS
Furnace Coil Inlet - 35 PSIG
Furaace Coil Outlet ~==PSIG

Fractionatox TFlash Zone 24.7 IN.HG Vacuum

St.aam BOLIRTS
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Table K-10.FEBRUARY 1973 WASTE FUEL OIL RUN

start: 2/7/73, 3:15 PM

On Stream: 17hrs, 45 min.
Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Stop: 2/8/73, 9:00PM

Flow

Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As OAPI %
Feed 2116 100,0 37596 No.e 4.1 15.1
Bttms 1662 78.4 29500 g;uel 22.8 Trace

0il
Overhead 133 6.3 2360 44.3 Trace
Water & 321 15.3 5736
Loss
TEMPERATURES
STREAMS FLOW LOCATION 3
Cooling Water 180 GPM 0il H't'r Inlet 117
Steam Produced 946 LBS/HR |0il H't'r Outlet 195
Steam for Stripping None o Fractionator:
Steam to Vacuum Jets 456 v Bottom 184
Steam to Tower None " " Top 178
Steam Bttms Pump 320 moow Flash Zone 180
Steam to Tanks 170 wou
& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil 1Inlet 59 PSIG
Furnace Coil Outlet - PsSIG

Fractionator Flash Zone

Steam Boilers

22.4 In. HG Vacuum
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Table K-11.FEBRUARY 1973 WASTE FUEL OIL RUN

Start: 2/14/73, 11:30 AM Stop: 2/15/73, 10: 00 AM

Oon Stream: 22 hrs., 30 min. *

Feedstock type: Tank bottoms, t tank washings, fuel 01;
containing water, solids, gasoline

Flow ,‘> . S
Rate Volume Volume Sold Gravity Water:
Streams Gal/hr. Per Cent Gallons  AS OAPI s
Feed 1636 100.0 36818 18.3 26.0
Bttms 1265 77.3 28464 22.8 Trace
Overhead 26 1.6 584 42.1 Trace
Water & 345 21.1 7770
Loss
TEMPERATURES
STREAMS FLOW LOCATION IR
Cooling Water 180 GPM 0il H't'r Inlet 118
Steam Produced 906 LBS/HR 0il H't'r outlet 205
Steam for Stripping None " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 178
Steam to Tower None " " Top 175
Steam Bttms Pump 280 " ¢ Flash Zone 180
Steam to Tanks i7¢ * "
& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil 1Inlet 53 PSIG
Furpace Coil Outlet - PSIG

Fractionator Flash Zone 25.0 In. HGVacuum

Steam Boilers
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Table K-1}. FEBRUARY 1973 WASEE FUEL OIL RUN (Continued)

Start: 2/14/73, 11:30 AM Stop: 2/15/73, 10:00 AM
{ .

MATERIAL FEED ‘ BOTTOMS OVERHEAD

OAPIH 18.3 22.8 42,1

Distillation still}|Vapor

18P °F 212 | 100 264

% Recovered - - 455

10% 440 205 539

20 600 358 635

30 652 454 650

40 678 462 651

50 697%} 457% 652

60 712 458 655

70 657

80 658*

90

Hze Conntent% 26.0 Trace Trace

Recovery, % 89

* Cracked




Table K-12.
FEBRUARY 1973 WASTE FUEL OIL RUN

Starts 2/21/73, 10:30 AM Stop: 2/23/73, 6:00 PM

Oon Stream: 55 hrs., 30 Min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow RN

Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As °aPI - &
Feed 2084 100.0 115725 21.3 13.6°

No.6
Bttms 1761 84.5 97800 Fuel 24.7 Trace
0il
Overhead 39 1.9 2162 40.0 Trace
Water & 284 13.6 15763
Loss
TEMPERATURES
STREAMS FLOW LOCATION VF
Cooling Water 180 GPM 0il H't'r Inlet 115
Steam Produced 931 L§S/§R 0il H't'r outlet 205
Steam for Stripping None Fractionator:
Steam to Vacuum Jets 456 " " Bottom 187
Steam to Tower None " " Top 183
Steam Bttms Pump 310 " "™ Flash Zone 184
Steam to Tanks 165 "
& Line Loss

@_@UIPMENT LOCATION UNITS
Furnace Coil Inlet 54 PSIG
Furnace Coil Outlet - PSIGC

Fractionator Flash Zone 25.7 In. HG Vacuum

Steam Boilers
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Table K-13,.

FEBRUARY 1973 WASTE FUEL OIL RUN

start: 2/26/73, 3:35

PM

On Stream: 28 hrs., 35 Min.

Feedstock type: Tank bottoms, tank washings, fuel oil

Stop:2/27/73, 8:10 PM

containing water, solids, gasoline

Flow

Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As OAPI %
Feed 1461 100.0 41738 24.1 7.4

No.6
Bttms 994 68.2 28464 Fuel 24.9 Trace
0il
Overhead 123 8.4 3518 40.4 Trace
Water & 342 23.4 9756
Loss
TEMPERATURES
STREAMS FLOW LOCATION Bad
Cooling Water 170 GPM 0il H't'r Inlet 116
Steam Produced 836 LBS/H 0il H't'r Outlet 220
Steam for Stripping None " " Fractionator: ‘
Steam to Vacuum Jets 456 " " Bottom 185
Steam to Tower None " " Top 180
Steam Bttms Pump 220 " " Flash Zone 183
Steam to Tanks le0 " "
& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 18 PSIG
Furnace Coil Outlet - PSIG
Fractionator Flash Zone 26.8 IN.HG Vacuum

Steam Boilers
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Table K-14.

Start: 3/5/73, 1:30 PM
On Stream:
Feedstock type:

MARCH 1973 WASTE FUEL OIL RUN

19 hrs.

Stop:

3/6/73, 8:30 AM

Tank bottoms, tank washings, fuel oil

containing water, solids, gasoline

4

Flow R
Rate Volume Gg:;;ty Wagﬁf!
R
Streams Gal/hr. Gallons e
Feed 1906 36224 20,2 30:4,
Bttms 1117 21244  No. 6 Fuel 0il 24.4 —
overhead 139 2641 41.4 -
Water & 650 12,339
Loss
TEMPERATURES —
STREAMS FLOW LOCATION OF
Cooling Water 180 GPM 0il H't'r Inlet 1220
Steam Produced 806 LBS/H 0il H't'r Outlet 210
Steam for Stripping  None = Fractionator:
Steam to Vacuum Jets 456 " ' Bottom 181
Steam to Tower None ° Top 175
Steam Bttms Pump 180 " " Flash Zone 182
Steam to Tanks 170
& Line Loss
EQUIPMENT LOCATION UNITS
Furnace Coil 1Inlet 63 PSIG
Furnasze Coil Outlet - PSIG

Fractionator

Steam

Boilers

Flash Zone
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Table K-14,
MARCH 1973 WASTE FUEL OIL RUN (Continued)

Start: 3/5/73, 1:30 PM Stop: 3/6/73, 8:30 AM
MATERIAL FEED BOTTOMS OVERHEAD
°apI 29.2 24.4 4}.4
Distillation °F Op F
IBP 2o§ﬁ 460 190

5% Recovered 208/ 500 240
10% 210 L-Water 560 264

20 2114} 30.0% 657 290

30 213. 660 308

40 426 677 328

50 608 678 344

60 €39 690 358

70 714 696 376

80 724 693 396

90 716 (£7%) 461
FBP 716 526

% Recovery 87.0 85.0 99%
Water Content % 30.0 Trace Trace
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Table K-15, MARCH 1973 WASTE FUEL OIL RUN

Start: 3/7/73, 5:45 PM Stop: 3/8/73, 6:00 aM

On Stream: 12 hrs., 15 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow ‘e

Rate Volume sold Gravity Water
Streams Gal/hr. Gallons As OAPI %
Feed 2880 35320 21.4 28.1
Bttms 1860 22780 No. 6 Fuel 0il 25.9 Trace
Overhead 139 2628 41.7 Trace
Water & 881 9912

Loss
— TEMPERATURES. _
STREAMS FLOW LOCATION “F
Cooling Water 180 GPM 0il H't'r Inlet 118
Steam Produced 836 LBS/H 0il H't'r Outlet 212
Steam for Stripping None Fractionator:
Steam to Vacuum Jets 456 v W Bottom 200
Steam to Tower None ~— ° Top 195
Steam Bttms Pump 210 e n Flash Zone 197
Steam to Tanks 170
& Line Loss

EQUIPMENT LOCATION T UNITS B
Furnace Coil Inlet 56 PSIG
Furnace Coil Outlet - PSIG
Fractionator Flash Zone 25.5 IN.HG vacuum

Steam Boilers
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Facvle =16, MARCH 1973 WASTE FUEL OIL RUN

gtests 3/15/73, 11:15 PM
On stieam:s 18 hrs., 45 min. : .
feaec.stock type: Tank bottoms, tank washings, fuel oil

Stop:

3/16/73, 5:30 PM

containing water, solids, gasoline

Flow

Rate Volume Sold . Gravity Water
stzeams  Gal/hr. Gallons As OAPI S
Feed 1963 35830 20.7  35.5
Btins 1122 20496 No. 6 Fuel 0Oil 25.6 Trace
sverhead 142.3 2602 41.4 Trace
Water & 699 12732

Loss
TEMPERATURES
STREAMS FLOW IOCATION _  YF
Cecoling Water 180 GPM 0il H't'r Inlet 118
Steam Produced 846 LBS/HR 0il H't'r Outlet 218
ftzam for Stripping None " " ‘|Fractionator:
3team to Vacuum Jets 456 " " Bottom 186
Steam to Tower None " " Top 180
3tzam Bttms Pump 230 " " Flash Zone 188
“team to Tanks le0 " "
& Line Loss
EQUIPMENT LOCATION UNITS
iurnace Coil Inlet 59 PSIG
- PSIG

iuinace Coil Outlet

Vractionator Flash Zone

Steam Boilers
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Table K-~17. MARCH 1973 WASTE FUEL OIL RUN

Starts 3/21/73, 11:50 AaM Stops 3/22/73, 2:00 PM
on Stream: 26 hrs., 10 min. ,

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline’

Flow .

Rate Volume Sold Gravity Water
Streams Gal/hr. Gallons As OAPI S
Feed 3820 69505 23.0 11.3
Bttms 2158 56400 No. 6 Fuel 0Oil 26.4 Trace
overhead 205 5250 41.5 Trace
Water & 1457 7855

Loss
TEMPERATURES
STREAMS FLOW LOCATION OF
Cooling Water 130 GPM Oil H't'r Inlet 119
Steam Produced 876 LBS/H 0il H't'r Outlet 214
Steam for Stripping None " U Fractionator:
Steam to Vacuum Jets 456 ~° “ Bottom 182
Steam to Tower None " " Top 178
Steam Bttms Pump 260 % " Flash Zone 185
Steam to Tanks 160
& Line Loss

BEQUIPMENT LOCATION UNITS
furnace Coil Inlet 51 PSIG
Furnace Coil Outlet - PSIG
Fractionator Flash Zone 23.0 IN. HG Vacuum

Stean Boilers
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Fabl2 X~18, MARCH 1973 WASTE FUEL OIL RUN

stari: 3/26,73, 10:40 AM
on Stream: / hrs., 50 mi

Feedstock type- Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Stop: 3/27/73, 6:30 aM

~ﬁﬁeam Boilers

253

Flow

Rate Volume Sold Gravity - Water
Streams  Gal/hr. Gallons As : OaAPI 3
Paad 2509 50633 22.3 7.1
Btetms 2213 44600 No. 6 Fuel 0il 26.4 Trace
‘"wvarhead 121.3 2446 41.6 Trace
Water & 175 3587

Loss
TEMPERATURES ]

STREAMS FLOW LOCATION _ _ OF
Ccoling Water 120 GPM Ooil H't'r Inlet 120
Steam Produced 876 LBS/HR 0il H't'r Outlet 210
ttaam for Stripping Nome " 7 |Fractionator:
3tzam to Vacuum Jets 456 " "~ Bottom 182
Steam to Tower None =~ Top i;g
Stzam Bttms Pump. 260 Flash Zone
fteam to Tanks 160
' & Line Loss
FOJIPMENT LOCATION UNITS
. mace Coil 1Inlet 52 PSIG
.znace Coil Outlet - PSIG
¥ractionator Flash Zone 21.9 IN.HG Vacuum



Table K-19. MARCH 1973 WASTE FUEL OIL RUN

Start: 3/28/73, 10:30 AM Stop: 3/29/73, 3:00 AM

On Stream: 16 hrs., 30 min. «

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow . .

Rate Volume Sol Gravity Water
Streams Gal/hr. Gallons As OAPI %
Feed 2435 40146 22.8 7.3

No. 6
Bttms 2135 35206 Fuel 26.3 Trace
0oil
Overhead 121.0 1996 41.7 Trace
Water &
Loss
Total
TEMPERATURES
STREAMS FLOW LOCATION YF
Cooling Water 120 cPM Oil H't'r Inlet 117
Steam Produced 886 LBS /H 0il H't'r Outlet 212
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 180
Steam to Tower None " " Top 175
Steam Bttms Pump 260 " " Flash Zone 176
Steam to Tanks 170 " "
& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 54 PSIG
Furnace Coil Outlet - PSIG

Fractionator Flash Zone 24.6 IN.HG Vacuum

Steam Boilers
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Yubl= K-20, APRIL 1973 WASTZI FUEL OIL RUN

svarc: 4/2/73, 10:25 AM Stc-: 4/2/73, 11:45 PM

Ou siream: 13 hrs., 10 min. -

Fezdstock type: Tank bottoms, cank washings, fuel oil
containing water, solids, gasoline

Flow _ .

Rate Volune Voluma Scld Gravity Wouer
Scieams Gal/hr. Per Cent . Calioas As OLPZ %
¥eed 3225 100.0 42400 24.3

No. 6
Bttms 2785 86.7 36720 Fuel 26.3
oil
Jvernead 175 5.2 2220 41.2
Water & 265 8.1 3460
L.oss
TILZERATURES
STREAMS _ FLOW LCCATION vE
Cooling Water 130 GPM 0Ll H't'r Inlet 116
Steam Produced 896 LBS/HR 0il H't'r Cutliec 219
Steam for Stripping None " " Practionatozr: 193
3tzam to Vacuum Jets 456 " " Bottom 5
Stzam to Tower None " " Top igl
St:am Bttms Pump 280 :: :: Flash Zone
5.:am to Tanks 160 -
& Line Loss
1 PMERT LOCATION TNITS
. .:ace Coil 1Inlet 57 PSIG
‘sLnwace Coil Outlet - PSIG
. uum

..o<cionator Flash Zone 26.3. IN.HG Vac
Stcam ‘Boilers 110 PSIG
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APRIL 1973 WASTE FUEL OIL RUN
stop: 4/10/73, 1:55 AM

Table g-21.

Start: 4/9/73, 10:25 AM

On Stream: 13 hrs., 55 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow
Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As OAPI 3
Feed 2704 100.0 37600 22.0,18.2
‘No. 6
Bttms 2235 82.6 31046 }Fuel 26.0,22.9
v 0il
Overhead 195 7.2 2710 40.2,43.0
Water & 274 10.2 3844
Loss
TEMPERATURES
STREAMS FLOW LOCATION “F
Cooling Water 125 GPM Oil H't'r Inlet 116
Steam Produced 816 LBS/H Oil H't'r Outlet 210
Steam for Stripping None " " Fractionator:
Steam to Vacuum Jets 456 " " Bottom 180
Steam to Tower None " " Top 175
Stéam Bttms Pump 190 " " Flash Zone 176
Steam to Tanks 170 " "
& Line Loss
EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 60 PSIG
Furnace Coil Outlet - PSIG

Fractiocnator Flash %one

Steam Boilexs

23,7 IN. HG Vacuum

110 PSIG
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Tal'le K-22. APRIL 1973 WASTE ZFUBL OIL RXUN

Start: 4/10/73, 4:50
Oon Stream: 14 hrs.,

Feedstock type: Tank bottoms,

PM
30 min.

Stop: 4/11/73' 9:30 AM

tank washings, fazl oil

containing waeer, solids, gaso.inc

Flow . L

Rate Volume Volune Sold Gravity Wate
Streams  Gal/hr. Per Cent Gailcas As OrPI %
Feed 2877 100.0 41660 ) ] 21.6

No.
Bttms 2527 87.9 36620 Fuei 25.5
: 0oi
(werhead 138 4.8 2000 41.0
Water & 212 7.3 3040
Loss
TEMPERLTURES
STREAMS FLOW " L.OCATICN vz
'ooling Water 125 GPM 'Oil H't'r Inlet é;g
Steam Produced 816 LES/E '0il H't'r Outlet
Steam for Stripping None =~ Tractionator: 180
ttean to Vacuum Jets 456 . Bottom 175
Steam to Tower None " " Top 175
Steam Bttms Pump 200 Flash Zone
“team to Tanks 160 " " :
& Line Loss
LOuID ioNTY LOCATION UNITS
"uimace Coil 1Inlet 61 PSIG
- IG
Furnace Coil Outlet PS
. .HG Vacuum

Ifractionator Flash Zone 23.5 IN.H

Steam’ Boilers

110 PSIG
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Table

Start:

K-23. APRIL 1973 WASTE FUEL OIL RUN

4/16/73, 11:4

On Stream:21 hrs., 1

Feedstock type:

5 AM
5 min.

stop: 4/17/73, 9:00 AM

Tank bottoms, tank washings, fuel oil

containing water, solids, gasoline

Flow
Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As OAPI %
Feed 1670 35250 f 19.3
No.6
Bttms 1012 60.63 21379 {?uel 24.5°
0il

Overhead 51 3.05 1076 39.4
Water & 609 36.32 12795

Loss

TEMPERATURES

STREAMS FLOW LOCATION “F
Cooling Water 150 GPM 0il H't'r Inlet 117
Steam Produced 766 LBS/H 0il H't'r Outlet 210
Steam for Stripping None : " Fractionator:
Steam to Vacuum Jets 456 " Bottom 182
Steam to Tower None t " Top 178
Steam Bttms Pump 150 2 T , Flash Zone 180
Steam to Tanks 160 " 7 |

& Line Loss :
EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 58 PSIG
FPurnace Coil Outlet - PSIG
Fractiosnatoxr Flash Zone 24.4 IN.HGVacuum

Steam Bolilers

110 PSIG
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Jawle R-24, APRIL 1973 WASTE FUEL OIL RUN

Start: 4/18/73, 1:30 PM Stop: 4/19/73, 3 PM

On Stream: 25 hrs., 30 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
<ontaining water, solids, gasoline

Flow -
Rate Volume Volume . Sold Gravity Water
Streams  Gal/hr. Per Cent Gallons As OAPT 3
Feed 1491 100.00 38014 - 18.9
No.6
Bttms 1316 . 88.24 33561 gguel 23.3
0il
uverhead 67 4.50 1706 41.0
Water & 108 7.26 2747
Loss
TEMPERATURES

STREAMS _ FLOW LOCATION : vE

. . 121
Cooling Water 110 GPM 0il H't'r Inlet
gteam grodggeq . ;igeLES/ER gil gjt'rtggtlet 216

eam for rippin . ractiona :

Steam to Vacuungezs 456 " " Bottom 185
Steam to Tower None : " ! Top H%%
Steam Bttms Pump igg . n » Flash Zone
Steam to Tanks

& Line Loss

EQUIPMENT LOCATION UNITS
Furnace Coil 1Inlet 42 PSIG
Furnace Qoil Outlet - PSIG

Vacuum
Iractionator Flash Zone 26.3 IN.HG :

Steam Boilers 110 PSIG
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Table K=25.

Start: 4/25/73, 1:20 PM

On Stream:

23 hrs.,
Tank bottoms, tank washings, fuel oil

Feedstock type:

40 min

APRIL 1973 WASTE FUEL OIL RUN

Stop: 4/26/73, 1:00 PM

containing water, solids, gasoline

Flow
Rate Volume Volume Sold Water
Streams Gal/hr. Per Cent Gallons As %
Feed 2153 100.00 48622
Bttms 1898 88.15 42864 No. 6 Fuel 0Oil
Overhead 95 4.40 2138
Water & 160 7.45 3620
Loss
TEMPERATURES
STREAMS FLOW LOCATION UF
Cooling Water 110 GPM 0il H't'r Inlet 118
Steam Produced 791 LBS/H 0il H't'r Outlet 21°
Steam for Stripping Nome ‘Fractionator: 182
Steam to Vacuum Jets 496 " o ‘ Bottom 8
Steam to Tower None ' Top 175
Stezam Bttms Pump 185 w o ‘ Flash Zone 182
Steam to Tanks 150
& Line Loss
EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 59 PSIG
Furnace Coil Outlet - PSIG

Fractionator

Steam Boilers

Flash Zone

24.4 IN.HG Vacuum

110 PSIG
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Table K-25,
APRIL 1973 WASTE FUEL OIL RUN (Continued)

Start: 4/25/73, 1:20 PM Stop: 4/26/73, 1:00 PM
MATERIAL FEED BOTTOMS OVERHEAD
‘APt 19.9 24.5 36.8
Distillation Op °F OF
IBP 268 290 210
5% Recovered 318 500 278
10% 385 545 290
20 556 610 221
30 570 654 360
40 614 668 380
45 606 - -

50 - 654 395
60 412
20 432
80 457
950 490
FBP 606 654 528

% Recovery 45 50.0 96.0
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Table K-26.
APRIL/MAY

Start:4/30/73, 1:40
On Stream: 22 hrs.,

1973 WASTE FUEL OIL RUN

PM Stop: 5/1/73, 12:00 Noon
20 min.

Feedstock type: Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Flow ,
Rate Volume Volume Sold Gravity Water
Streams Gal/hr. Per Cent Gallons As OAPI %
Feed 2006 100.00 44850 17.4
Bttms 1107 55.24 24774 22.6
Overhead 144 7.21 3236 39.8
Water & 755 37.55 16840
Loss
TEMPERATURES
STREAMS FLOW LOCATION Y-
Cooling Water 210 GpM 0il H't'r Inlet 110
Steam Produced 751 L%S/? 0il H't'r outlet 212
Steam for Stripping None W W Fractionator:
Steam to Vacuum Jets 456 . Bottom 181
Steam to Tower None = Top 178
Steam Bttms Pump 150 v ow Flash Zone 180
Steam to Tanks 145
& Line Loss
EQUIPMENT LCCATION UNITS
Furnace Coil Inlet 60 PSIG
Purnace Coil Outlet - PSIG

Fractionator Flash Zone 24.0 IN.HG Vacuum

Steam Boilers

110 PSIG
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e K"27- MAY v73 IqﬁasT.: UL Sl LN
$wast: 5/24/73, 1:30 PM gtc.,: 5/30/73, 10:20 AM
(1. Streecm: 20.833 - :
Feeastock type: Tank Lbotcoms, carnk Jasaings, Zuel oil
containing wacer, sc.ids, casoline
B Fliow
Rate Volule Voo Sold Gravity Wocer
brreams Gal/hr. Per Cent  Callons As OaPI %
Feed 1673 100.00 34848
No. 6
Ettnus 1118.4 66 .85 23303 Fuel
oil
uvverhead 54.0 3.23 1126
Water & 560.6 29.92 l0419
Loss.
UEERATURS
REAMS FL.OV] LOCRTION ~F
Ccoling Water 160 GPM 0il H't'w Inlet 116
Steam Produced 746 LBS/HR Oil H't'r Outlet 216
Stsam for Stripping None " Fractionator:
Tteam to Vacuum Jets 456 " " Tottom 181
Steam to Tower None " " Top 178
“team Bttms Pump i50 " " Fiash Zone 184
S eam to Tanks l40 " "

% Line Loss

}Q":PI:} LOCATION uxzws
t.rnace Coil 1Inlet 56 PSIG
.rrnace Coil oOutlet - PSIG

rectionator Flash Zone

Steam Boilexs

24.7 IN.HG Vacuum

105 pSIG
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Table K-27.

MAY 1973 WASTE FUEL OIL RUN (Continued)

Start: 5/24/73, 1:30 PM Stop: 5/30/73, 10;20 aM
MATERIAL FEED BOTTOMS OVERHEAD
°ap1 19.3 23.5 36.9
Distillation _OF_ _r oF

IBP 269 291 187

5% Recovered 399 364 214

10% 500 414 237

20 566 506 285

30 589 554 350

40 602 584 418

50 615 601 (64%) 452

60 620 503

70 612 (65%) 529

80 540

90 540 (85%)
FBP 620 601 540

% Recovery 65 46 85
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Terrle K-28. MAY'; 1973 WASTE FUEL OIL RUN

10:30 AM Stop: 5/31/73, 6:30 PM
hrs.

Tank bottoms, tank washings, fuel oil
containing water, solids, gasoline

Svart: 5/31/73,
Cn Stream: 8.00
Fzedstock type:

Flow
Rate Volume Volume Sold Gravity Water

treams Gal/hr. Per Cent Gallons  As  OAPI 3

Feed 2986.5 100.0 23892 23.9
No. 6
Bttms 2692 90.18 21540 Fuel 25.8
0il '

Overhead 98 3.1 744 37.7
Water & 201 6.72 1608

Loss

TEMPERATURES

STREAMS FLOW LOCATION et 3
Cooling Water 125 GPM 0il H't'r Inlet 1ad
Steam Produced 806 LES/E 0il H't'r Outlet 222
Steam for Stripping None . Fractionator:
jteam to Vacuum Jets 456 " Bottom 183
Steam to Tower None " " Top 180
Steam Bttms Pump 205 " " Flash Zone 185
Steam to Tanks 145 " "

& Line Loss
EQUIPMENT LOCATION UNITS
Furnace Coil Inlet 56 PSIG
rurnace Coil Outlet - PSIG
Fractionator Flash Zone 24.1 IN.HG Vacuum

Steam Boilers

105 PSIG

265



APPENDIX L

MANUFACTURER'S DATA ON HYDRIDES
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SODIUM

Formula: NaBH,

Molecular Weight: 37.85

Specific gravity: 1.074 g./cc. at 25°C,
Color: White

Functional Groups Reduced by NaBH,:

Sodium borohydride rapidly reduces most aldehydes, ketones, peroxides and
hydroperoxides. It reduces, at a slower rate, Schiff bases and cyclic quaternary
iodides. Under special conditions, e.g., through the use of Lewis acids such as
aluminum chloride, its reducing power can be enhanced so that it is almost com-
parable to lithium aluminum hydride. .

See brochure on Sodium Borohydride for additional data.

Suggested Uses:

Sodium borohydride has been used extensively in the pharmaceutical and fine
flavor fields for many years, for the conversion of aldehydes and ketones to the
corresponding alcohols. It has found use as a polymerization catalyst,! as a blow-
ing agent for various plastic and rubber foams,? for removal of trace impurities ir
many different process impurities in many different process streams, 3 and for
hydrogen generation.* Ventron technical bulletins are available in each specific
area. Other uses include metal plating and catalyst preparation.

Availability:
Sodium borohydride may be purchased as a dry powder or as pellets in 10/32"” and
24/32" sizes. A third form, a stabilized water solution {SWS), is also available.

Sodium borchydride powder and pellets can be supplied in quantities varying from
100 grams to car loads, while SWS is available in one gallon to tank car lots.

Thermal Stability:
Decomposition statts without melting at above 406°C. in dry air.

Solubility at 25°C.:

Solvent g£./100 g. solvent
liquid ammonia 104.0
water 55.0
ethanol 4.0 (reacts slowly)
dimethyl ether of diethylene glycol 5.5
dimethyl formamide 18.0
isopropylamine 6.0

For additional solubility data see Sodium Borehydride brochure (available on
request).

Typical Assay:
NaBH; 98.0%
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Packaging and Shipping:

Sodium borohydride is shipped in polyethylene bags in metal containers. Shipment
is governed by 1.C.C. regulations 73:153, 73:154 and 73:208. Unlimited quantities
can be shipped by Railway Express or Motor Freight.

Handling and Storage:

Sodium borohydride may be handled in air according to safe practice for inflam-
mable hygroscopic powders (comparable to calcium carbide). The unconfined
powder does not ignite on contect with moisture, but forms a dihydrate which
slowly hydrolyzes. It is stable to shock.

Safety:

Both dry borohydrides and their aqueous solutions are relatively safe materials to
handle. Certain precautions must be taken, however. Borohydride solutions, if
cverheated, subjected to acid conditions, or in the presence of the metal salts or
finely divided metallic precipitates of nickel, cobalt, or iron, will decompose
rapidly, evolving large amounts of hydrogen. QOther than this, treat as flake caustic
or a 50% caustic solution.

Toxicity: .

Sodium borohydride is considered toxic if ingested primarily due to possible gas
embolism resulting from reaction with stomach acids. All precautions should be
taken against ingestion, inhalation of dust, or contact with skin.

First Aid:
In case of accidental contact with the skin, the particles should be brushed off
and the affected srea flooded with water.

References: .

Ventron Corporation Techmical Bulletine:

Borohydrides in Polymerization Processes.

Sodium Borohydride for Flexible Polyviny! Chloride Sponge.
Process Stream Purification Through Hydride Chemistry.
Metal Hydrides for Hydrogen Generation.

R S

The information contained in this bulletin is, to our best knowledge. true and accurate.
Since the conditions of nie ar» beyond cur control, we assume no obligation or lability
in connection therewith. Nothing in this bulletin shall be construed as permission or
recommendation to practice s patented invention without a license.

Ventron Cerporation/Chemicala Division
Congress Street, Beverly, Messachuselts 01915/Tel: (517) 922-1675
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Sodium Borohydride-SWC’

(‘Stabilized Water Solution)

Sodium Borohydride-SWS is a stabls, alkaline aqueous solution of sodium
borohvdride. which greatly facilitates the application- of sodium borohydride in
chemical processing. particularly te water-based systems. Its handling character-
istics closely resemble those of 50% liquid caustic.

For information on uses, see brochure on Sedium Borohydride.

Cormposition: NaBHg4 122 0.5%
NaOH 421 2%
H30 Balance

Specific Gravity: 1.4 g/ml. or 11.7 lbs./gal.

Color and Form: Off-white Liquid

Viscosity: 79.0 centipoise at 239C.

Stability: NaBH4-SWS is remarkably stable under normal storage and
shipping conditions. It decomposes very slowly according to
the equation:

NaBHy + 2H,0 — NaBOz + 4H,
The rate varies slightly with temperature . Typical rates are:

t(°C.) % decomp. per day
21 0.000005
54 0.0002
100 0.008

Lk‘.

Solubility:

Sodium Borohydride-SWS can be diluted for use with water or methanol. Many

organic solvents.normally miscible with water are not suitable because of the 4

caustic present. (
i
|
1
L

Handling and Starage:
Sodium Borohydride-SWS is similar to the 50% liquid caustic which is an article of
commerce. Accepted storage and handling procedures for 50% liquid caustic apply
also for Sodium Borohydride-SWS. On long standing, a pressure may build up over L
the solution. Containers should be periodically checked. There should be at least -
10% free volume in all closed containers. If this rule is followed, pressure build-up f
will be less than 1 psi per year at ambient room temperature. Some suitable
container materials are stainless steels, mild steel, and polyethylene. Glass is L
attacked by the strong caustic. Sodium Borohydride-SWS should be stored at .
temperatures above 659F. Sodium Borohydride-SWS becomes more viscous below :
600F. and can crystallize at temperatures below 559, To ligusfy. warm slowly to 700
to 80%F. making sure the drum is vented. Do not use live steam. [

r

I
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Shipping:

Sodium Borchydride-SWS has been classed as a corrosive liquid under DOT
regulations. Laboratory quantities are shipped in one-gallon, sealed, polyethylene
“cubitainers™ in a cardboard outer container, which is in turn packaged in an
DOT-approved wooden box. Development and production quantities are-shipped in
55-gallon drums, which heve. at least 10% free space. Larger quantitiss can be
shipped by tank truek oz tank car.

Safety:

Due to the presence of water, NaBH-SWS is considered non-flammable. Certain
precautions must be taken, however. Borolmirldo solutions will decompose rapidly,
evolving large amounts of hydrogen gas if subjected to acid conditions, excessive
temperature, or the presence of metal salts or finely divided metallic precipitates
such as nickel, cobalt or copper.

Toxicity:

Due mainly to the presence of caustic, NaOH, Sodium Borohydride-SWS is
considered toxic if ingested. Borohydride solutions are also toxic if ingested
primarily due to possible gas embolism resulting from reaction with stomach acids.
All precautions should be taken to avoid direct contact or ingestion.

First Aid:
In case of accidental contact, flood with copious amounts of water. Wash skin with
soep and water, Flush eyes with water. Seek medical attention promptly.

Refersnces:

VENTRON CORPORATION TECHNICAL BULLETINS:

1. Sodium Bordohydride/Handling/Uses/Properties,
2. Inorganic Reductions with Sodium Borohydride.
3. Hydride Chomicals for Process Stream Purification.

The information contained in this bulletin is, to our best knowledge, true and
acrurate. Since the conditions of use are beycnd our control, wé~assume no
nbligation or liability in connection therewith. Nothing  ii : this’ bulletin _shall be
constrund as permission or recommendation to pracﬁc_ “patented invention
without a license. ’ R

Veptren Corporation/Chemicals Division NS
Congress Street, Boverly, Mamchusum 01915/Tel: QBV) 922-1875 )
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+*@  DEVELOPMENT !

%7 3) pRODUCT | OibiH-1

SODIUM ALUMINUM DIETHYL DIHYDRIDE
Na AHC, HylH,

APPLICATIONS

Ghitl-1 {sudiam araminum diethyl dihydride) is an excellent reducing agent which is ssluble
i aromatic hydrocaibons. It is similar in action to LiAlH, and NaAlH, and reduces a wide variety
oI tunctional groups in high yield without participation by the -C,H, groups present. Most redactions
accur readily at 25° C, although temperatures above 100° C can be used with non-reactive solvents
OMH-1 should be useful for pharmaceutical, flavor and fragrance, and fine chemical apglications
requiring an active hydrogen reducing agent.

AVAILABILITY PHYSICAL DATA
Derelopment quantities from one pint Form 25 wi% solution in Toluenes
fo 355 gallon portable tanks ars available Appearance . slightly colored solution
as a 25% solution in toluene containing Typical Analysis
3.4% THF ' Al, wt% 59
’ Active Hydride, meqs/z soin 44
SOLUBILITY Total Gas Evolution, mmols/g soln 8.8
T . . Density, g/ml at 20°C 0.879
OMii-1 iz soluble im aromatic hydro- ty glb/gal at 20° C 7.35
carbons and ethers. It is insoluble in paraffin Viscosity, cp at 20° C 2.08.

hydrocarbons and reacts with hydroxylic or
active hydrogen solvents. ‘ * Containing 3-4% THF.

dANDLING PRECAUTIONS

OMH-1 should be kept from contaet with air (0,) and moisture to prevent loss of reducing
capscity through oxidation or hydrolysis. Solutions of greater than 10% by weight concentration
are classed as pyrophoric for. shipping purposes. However, concentrations of 10-25% by weight can
pe handled easily and safely if ordinary precautions are observed. Handling under an inert aimos-
phere is recommended. Rags, towels, or other combustible absorbent materials should not ke used on
large spills since ignition of the solvent may result under certain conditions. Dry chemical extin-
guishers are recommended for use on fires. Solid OMH-1 or its solutions are corrosive to human
tissue, and =dequate protection against eontact with the skin and eyes should be employed during
handling and uso. The toxicological properties of solutions of OMH-1 have not been fully investi-
gated. In case of accidertal spills, inhalation of vapers or fumes should be avoided.

The (nformation presented hereln ls beileved to be accurnto and reliable, dut is presented without gunrantee or respon-
albility on the pert of Lthyl Corporatlon. Furiher, nothing contalned herein shall be taken na an inducement oF
recommendation to manufucture or use any of the herein dezcribed malerlala or processes (n violation of existlng or
future patsots. . '

ETHYL CORPORATION - Commercial Development Oivision

- FORM COH-1
Ethyl Tower, 451 Flonda, Batan Rouge. La. 70801

December, 197
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